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1.  SUMMARY,  BACKGROUND  AND  APPROACH 


1.1  SUMMARY  -  A  concept  employing  tangential  blowing  was  investigated 
experimentally  as  a  possible  means  for  mitigating  buffet  response  of  empennage  on 
fighter  aircraft.  Wind  tunnel  tests  of  a  4.7%  scale  model  of  the  F-l  5  Fighter  were  run  in 
the  Subsonic  Aerodynamics  Research  Laboratory  (SARL),  WPAFB,  OH.  Tangential 
blowing  was  introduced  from  three  points:  (a)  the  nose,  (b)  the  wing  root  leading  edge, 
and  (c)  the  gun  bump,  with  symmetric  blowing  being  used  from  both  sides  of  the  model 
for  each  location.  Blowing  from  the  three  individual  locations  was  used,  as  were 
combinations;  namely,  wing/  gun,  wing/  nose,  and  nose/  gun.  Wing  blowing  pressures  of 
45  and  65  psi  were  used,  while  blowing  pressures  of  65  psi  at  the  gun  bump,  and  87  psi  at 
the  nose  were  used.  Baseline  data  without  blowing  was  acquired  as  a  reference  from 
which  blowing  results  were  compared.  The  model  was  equipped  with  one  flexible  tail 
and  one  rigid  tail,  and  instrumented  so  that  oscillatory  pressures  could  be  measured  on 
both  tails  for  the  various  blowing  cases.  The  flexible  tail  was  further  instrumented  to 
allow  measurement  of  vibratory  root  bending  and  torsion  moments,  and  tip  acceleration 
for  the  various  blowing  cases.  Angles  of  attack  from  0  to  32  degrees,  and  yaw  angles  of 
-4, 0, 4  degrees  were  investigated.  Two  dynamic  pressures  (Q)  were  employed,  30  and 
56  psf,  both  to  check  on  data  scaling,  and  to  assess  the  blowing  effects  at  two  Q’s. 

Generally,  an  influence  of  blowing  could  be  seen  in  the  response  results  and  in  the 
oscillatory  pressures,  but  it  is  difficult  to  cite  complete  general  trends  in  a  simple 
statement.  Most  cases  showed  some  reduction  in  response  from  blowing,  though  the 
broadband  and  narrowband  results  differed  as  to  the  degree  and  trend,  especially  bending 
response  as  compared  to  torsion,  and  especially  depending  on  what  yaw  angle  was 
considered.  In  some  cases,  blowing  actually  increased  response  slightly.  The  wing 
blowing  position  was  the  most  effective,  the  gun  position  was  the  next  most  effective, 
while  the  nose  was  the  least  effective.  This  concept  of  tangential  blowing  appears  to 
reflect  a  type  of  Coanda  effect,  since  the  blowing  was  injected  well  upstream  of  the 
empennage,  but  closely  followed  the  model  surfaces  until  reaching  the  tails.  This 
blowing  technique  suggests  further  investigation  and  application. 

This  work  was  sponsored  by  the  Air  Force  Research  Laboratory  (AFRL)  under  their 
Unsteady  Aerodynamics  Integrated  Product  Team  (EPT)  effort.  The  results  of  the  tests 
regarding  acquisition  of  basic  buffet  data  for  the  wind  tunnel  model,  and  the  effectivity  of 
the  blowing  results  for  reducing  buffet  response  are  discussed  here.  A  separate  effort 
under  this  IPT  will  employ  piezoelectric  actuators  and  modem  control  methods  as  another 
means  for  mitigating  buffet  response  on  the  empennage  of  this  model. 

1.2  BACKGROUND  AND  APPROACH  -  A  number  of  modem  fighter  aircraft  attain 
high  angle-of-attack  maneuvering  capability  through  vortex  lift.  At  the  lower  angles  of 
attack,  the  vortex  core  is  tightly  wound  and  convects  aftwards,  producing  an  additional 
static  (steady-state)  lift  effect,  with  little  or  no  associated  vibratory  loading  effects.  At  the 
higher  angles  of  attack,  these  vortices  exhibit  what  is  called,  breakdown,  where  a 
turbulent  characteristic  appears  to  be  superimposed  on  the  calmer  vortex  core.  Thus,  in 
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addition  to  the  principal  lifting  effect,  a  strong  vibratory  loading  characteristic,  or 
buffeting,  is  now  present.  While  the  burst  vortex  still  convects  aftwards,  it  is  wider  and 
generally  touches,  or  comes  closer  to  the  empennage  than  did  the  original  vortex  core. 
Thus,  the  buffeting  pressures  are  able  to  induce  strong  excitation  of  the  empennage, 
leading  to  severe  structural  strains  occurring  at  frequencies  whereby  large  numbers  of 
cycles  could  be  quickly  accumulated,  potentially  causing  overstress,  cracking  or 
foreshortened  fatigue  life.  Several  twin  tailed  aircraft,  the  F-14,  F-15,  and  F/A-18,  have 
experienced  these  buffeting  loads  and  have  had  to  consider  these  effects  in  their  design 
approaches  for  safe  flight  operation.  Techniques,  ranging  from  using  structural 
stiffening,  to  adding  composite  doublers,  and  to  attaching  leading  edge  extensions  or 
wing  vents,  have  been  employed  in  the  attempt  to  meet  buffet  requirements.  A  wide 
range  of  programs  using  piezoelectric  dampers  and  other  new  concepts  have  been 
initiated  by  many  investigators. 

A  concept  considered  herein  attempted  to  alter  these  turbulent  flows  by  employing 
airflow  injected  tangentially  along  the  fuselage  and  wing,  but  upstream,  of  the 
empennage.  These  controlled  airflows  are  often  referred  to  as  “blowing.”  Rather  than 
starting  with  a  full  size  airplane,  it  was  decided  to  first  evaluate  the  overall  concept  of 
tangential  blowing  with  a  wind  tunnel  model.  Since  the  F-15  Fighter  operates  at  high 
angles  of  attack,  and  since  it  has  experienced  these  types  of  buffet  from  vortical  flow 
breakdown,  a  wind  tunnel  model  of  the  F-15  was  selected  for  the  investigation.  This 
model  was  a  4.7%  scale  of  the  full  sized  F-15.  It  was  used  in  the  wind  tunnel  tests  to 
evaluate  this  upstream,  tangential  blowing  concept  as  a  means  of  reducing  buffet 
pressures  on  the  model  vertical  tails  at  high  angles  of  attack.  A  standard  aerodynamic 
model  was  used  with  modifications  for  these  tests.  The  model  was  altered  to 
accommodate  the  blowing  ports  and  tubing  to  provide  the  tangential  blowing  sources. 
Three  blowing  positions  were  employed  in  the  tests;  namely,  the  wing  root  location,  the 
gun  bump  location,  and  the  nose.  The  nominal  tails  used  in  aerodynamics  tests  were 
removed  and  replaced  with  special  tails  for  this  testing.  The  left  hand  tail  was  replaced 
by  a  scaled  flexible  tail,  designed  to  replicate,  at  this  scale,  the  first  several  natural 
vibration  modes  of  the  full  size  tail.  This  tail  was  instrumented  with  pressure  transducers, 
root  bending  and  torsion  strain  gauge  bridges,  and  accelerometers  at  the  tip.  The  other 
tail  was  replaced  by  a  relatively  rigid  tail  equipped  with  pressure  transducers.  The 
flexible  tail  instrumentation  provided  data  on  oscillatory  root  bending  and  torsion 
moments,  tip  acceleration,  and  pressures.  The  rigid  tail  instrumentation  provided  data  on 
oscillatory  pressures  without  the  influence  of  tail  flexibility  and  vibration.  Tests  were 
conducted  in  the  Subsonic  Aeronautical  Research  Laboratory  (SARL)  wind  tunnel  at 
Wright-Patterson  Air  Force  Base  during  the  Fall  of  1995,  and  were  sponsored  by  the  Air 
Force  Research  Laboratory  (AFRL)  under  their  Unsteady  Aerodynamics  Integrated 
Product  Team  (IPT)  effort.  The  subject  report  was  prepared  in  support  of  the  DPT,  to 
cover  the  data  reduction,  data  analysis,  and  synthesis  to  establish  trends,  and  to  make 
conclusions  regarding  the  effectivity  of  the  blowing  approach.  Flow  visualization  tests 
were  run  as  well,  and  are  partially  documented  in  Reference  1.  Some  of  the  test  results 
and  some  of  the  early  data  reduction  results  are  also  given  in  Reference  1. 
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Reduction  of  these  oscillatory  pressures  from  buffet  can  lead  to  the  reduction  of  the 
normally  large  responses  and  associated  stresses  on  the  structure,  and  hence  potentially 
extend  the  fatigue  life  of  the  vertical  tails,  both  for  the  model  size  and  full-scale.  This 
blowing  method  did  show  some  reduction  of  response  and  is  thus  promising.  Successful 
wind  tunnel  test  could  lead  to  full-scale  tests  and  application.  Likewise,  a  potential 
application  to  other  aircraft  could  follow  this  work.  Some  suggestions  of  a  possible 
Coanda  effect  may  be  inferred  from  the  data  and  may  suggest  further  investigation  of  that 
effect  as  a  means  of  reducing  buffet  response  of  fighter  aircraft  tails.  A  separate  effort 
under  this  EPT  will  explore  another  approach  for  potentially  mitigating  buffet  response  on 
the  empennage,  where  the  use  of  piezoelectric  actuators  and  modem  control  methods  will 
be  employed. 

There  are  three  volumes  to  the  report;  namely,  (a)  this  volume,  Volume  1-Test  Results, 
Discussion,  and  Correlation,  (b)  Volume  2-  Response  Data,  and  (c)  Volume  3  - 
Oscillatory  Pressure  Data.  These  volumes  are  in  sequential  report  numbers,  Volume  1 
being  this  report,  AFRL-VA-WP-TR- 1999-30 18  while  Volumes  2  and  3  are  respectively, 
AFRL-VA-WP-TR- 1 999-301 9  and  AFRL-VA-WP-1 999-3020.  A  buffet  bibliography, 
collected  by  AFRL,  has  been  updated,  and  included  to  aid  other  investigators  in  finding 
information. 
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2.  TEST  SETUP 


2.1  MODEL  -  A  4.7%  scale  model  of  the  F-15  Fighter  Aircraft  was  employed  in  these 
tests.  The  model  was  the  standard  aerodynamics  model  normally  used  in  these  types  of 
wind  tunnel  tests,  and  thus  essentially  rigid  in  these  speed  ranges  and  dynamic  pressures. 
Several  figures  and  photos  are  shown  here  to  give  a  perspective  of  the  model  and  the 
instrumentation  used.  For  the  subject  tests,  however,  the  original  model  was  modified. 
There  were  modifications  to  the  model  to  accommodate  the  tangential  blowing  ports  and 
tubing  for  pressure  flow.  The  nominal  vertical  tails  were  removed  and  replaced.  The 
vertical  tail  on  the  left  hand  side  (LHS)  was  replaced  by  a  scaled  flexible  tail  which 
simulated  at  a  4.7%  scale,  the  first  several  vibration  modes  of  the  full  sized  tail.  The  tail 
on  the  right  hand  side  (RHS)  was  replaced  by  a  tail  that  was  relatively  rigid,  compared  to 
the  flexible  tail.  Figure  2.1.1  shows  an  overall  planform  sketch  of  the  wind  tunnel  model. 
Figures  2.1.2  and  2.1.3  show  photos  of  the  complete  model  mounted  on  the  tunnel  sting. 
Figure  2. 1 .4  shows  the  detailed  tail  geometry,  with  and  without  the  tip  pod.  Figures  2.1.5 
and  2.1.6  detail  the  tail  instrumentation,  showing  pressure  pickups,  accelerometers,  and 
strain  gauges.  The  flexible  tail  was  equipped  with  bending  and  torsion  strain  gauge 
bridges,  as  shown  in  Figure  2.1.5,  to  measure  root  bending  and  root  torsion  moments, 
both  static  and  oscillatory.  Accelerometers  were  placed  at  the  forward  and  aft  areas  of  the 
tip  of  the  vertical  tail,  as  shown  in  Figure  2.1.5,  to  capture  overall  and  bending  and 
torsional  motions  at  the  tip.  The  flexible  tail  was  also  equipped  to  measure  static  and 
oscillatory  pressures,  with  pressure  transducers  located  identically  to  those  on  the  rigid 
tail,  as  shown  in  Figure  2.1.6 

The  natural  frequencies  of  the  model  flexible  tail  were  measured  by  the  model 
manufacturer,  Dynamic  Engineering  Incorporated  (DEI),  and  again  by  AFRL.  These 
results  are  shown  here  along  with  finite  element  analysis  (FEM)  results  from  DEI. 


AFRL  Test* 

DEI  Test** 

DEI  Analysis*** 

Hz 

Hz. 

Hz. 

MODE  1 

39.8 

37.5 

36.8 

First  Bending 

MODE  2 

169.0 

160.6 

159.3 

First  Torsion 

MODE  3 

189.0 

183.8 

195.3 

Second  Bending 

*  Tail  clamped  to  fixture 

**  Tail  on  model 

***  Finite  Element  Analysis 

The  right  hand  tail  (RHS),  being  relatively  rigid  compared  to  the  flexible  tail,  was 
believed  to  enhance  measurement  of  both  static  and  oscillatory  pressures  from  buffeting 
flows,  ideally  free  of  model  elastic  and  vibratory  effects.  Conversely,  the  pressure 
pickups  on  the  flexible  tail  (LHS)  could  show  effects  of  structural  motions  induced  on 
pressures. 
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Tangential  blowing  was  done  independently  at  the  nose,  gun  bump  and  wing  root 
locations,  and  in  the  combinations  of  nose/wing,  nose/gun,  and  wing/gun  locations.  Data 
were  also  recorded  for  baseline  conditions  with  no  blowing.  Blowing  was  done 
simultaneously  on  both  sides  of  the  model  so  as  to  maintain  flow  symmetry.  The  wing 
blowing  pressures  were  45  and  65  psi,  the  nose  blowing  pressure  was  87  psi,  and  the  gun 
bump  blowing  pressure  was  65  psi.  These  injected  flows  were  convected,  effectively, 
back  to  the  areas  of  the  empennage,  essentially  similar  to  a  Coanda-like  effect. 

2.2  TEST  EQUIPMENT  -  The  SARL  is  a  modem  wind  tunnel  with  a  high  contraction 
ratio,  open  circuit,  operation  capable  of  Mach  numbers  up  to  0.55.  It  is  fully  equipped  for 
flutter,  aerodynamics,  buffet,  and  loads  testing.  The  tunnel  test  section  is  approximately 
10  ft.  high  by  7  ft.  -wide  and  15  ft.  in  length,  and  has  2  ft.  flats  at  the  wall  and  side 
intersections  so  as  to  make  an  octagonal-type  cross  section.  Relatively  large  models  can 
be  tested.  A  fully  automated  sting  can  be  pitched  and  yawed  rather  quickly  at  a  given 
elevation,  and  these  rates  are  adjustable.  The  sting  elevation  can  be  varied.  A  large 
portion  of  the  viewing  wall  area  is  high  quality  Plexiglas,  that  allows  excellent  viewing 
and  facilitates  the  use  of  laser  sheet  illumination.  Modem  data  acquisition  equipment  is 
available  to  capture  the  data  being  taken  from  a  wide  range  of  instrumentation.  Data  can 
be  digitized,  as  taken,  for  rapid  data  reduction,  both  insitu  and  post  test  for  user 
convenience.  Online  data  are  recorded  through  a  MicoVAX  HI  computer  connected  to  a 
software  controlled,  120  channel  multiplexer  and  connected  to  a  13  bit  100,000  samples 
per  second  auto  ranging  AC  to  DC  converter.  Balance  channel  signals,  discrete  pressure 
transducer  data,  strain  gauge  signals,  and  accelerometer  signals  were  fed  through 
Dynamic  brand  amplifier/bridge  conditioners.  Additionally,  a  Metrum  dynamic  data 
recorder  was  used  for  the  bending  and  torsion  and  acceleration  data  for  the  flexible  tail. 
Added  detail  is  given  in  Reference  1.  A  majority  of  the  dynamic  data  taken  was  reduced 
post  test  by  digital  data  reduction  methods  using  a  VAX  11780  computer  for  most  of  this 
work.  Some  specific  data  reduction  and  analysis  was  carried  out  with  a  Micron  Super  PC 
computer.  Fast  Fourier  transform  methods  were  used  to  develop  PSD  and  rms  results  for 
the  data  taken  from  the  wind  tunnel  tests.  The  digitized  data  were  fed  to  these  computer 
programs,  and  used  anti-aliasing  filters  and  noise  filtering  to  produce  high  quality  data. 
The  anti-aliasing  filter  was  a  4  pole  Chebysev,  low  pass  type,  set  at  625  Hz. 

2.3  INSTRUMENTATION  -  Figures  2.1.5  and  2.1.6  illustrate  the  instrumentation  on 
the  two  tails.  The  flexible  tail  has  two  accelerometers  located  at  the  forward  and  aft 
locations  of  the  tip  pod,  and  has  bending  and  torsion  strain  gauge  bridges  near  the  root  of 
the  tail.  There  are  pressure  pickups  on  the  tail  at  the  locations  shown,  and  installed  on 
both  faces  so  that  a  pressure  difference,  AP,  across  the  tail  could  be  obtained.  Similarly, 
there  are  pressure  pickups  on  the  rigid  tail  as  shown  in  the  figures,  and  located  identically 
to  those  on  the  flexible  tail.  Data  acquired  were  digitized  at  a  rate  of  5k  samples  per 
second  per  channel,  and  higher  rates  were  compared  to  insure  accuracy.  Data  were 
recorded  with  a  Metrum  RSR512  Digital  Tape  Recorder,  with  32  channels  being  recorded 
simultaneously. 
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2.4  DATA  ACQUISITION/REDUCTION  -  The  data  acquired  were  generally  directly 
digitized  for  subsequent  reduction,  however  some  on-line  data  were  constantly  monitored 
for  check  pointing  to  ensure  that  parameters  were  in  range  of  anticipated  values. 
Oscillatory  pressures,  root  bending  moment,  and  root  torsion  moments  were  acquired  and 
developed  into  PSD  format  and  rms  summary  format  to  aid  in  tracking  buffet  effects 
versus  angle  attack  and  yaw  angle  for  two  values  of  dynamic  pressure,  30  and  56  psf,  and 
for  blowing  at  the  three  positions  (nose,  wing  and  gun  bump)  and  for  various  blowing 
pressures.  Some  pressure  CSD’s  were  determined  for  a  few  conditions  to  indicate  typical 
behavior.  Some  acceleration  data  in  PSD  and  rms  forms  were  also  included  in  the  report. 
The  bulky  data,  consisting  of  many  PSD  plots,  are  in  Volumes  2  and  3,  while  only  a  few 
typical  PSD’s  are  in  this  overview,  Volume  1. 

The  rms  summary  plots  are  in  this  volume  to  enhance  discussion.  Dimensional  and 
nondimensional  forms  of  the  data  are  shown  to  further  enhance  explanation  of  the 
behavior  patterns  as  well  as  to  provide  additional  data  to  the  growing  base  of  buffet  data. 

2.5  TEST  RUN  LOG  -  A  run  log  for  the  wind  tunnel  tests  conducted  in  these  tests  is 
given  in  Table  2.5.1.  The  run  number,  dynamic  pressure,  blowing  pressure/location, 
angle  of  attack,  yaw  angle,  and  other  information  are  shown. 
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3.  RESULTS 


Typical  PSD  plots  are  given  to  characterize  behavior  patterns  for  key  effects,  but 
the  majority  of  these  data  are  in  Volumes  2  and  3  for  the  more  detailed  need.  Volume  2 
presents  the  response  data,  while  Volume  3  presents  the  pressure  data.  Attention  is  given 
here  to  the  trends  of  the  rms  data  from  the  PSD  plots  because  they  show  more 
comprehensive  trends.  The  pattern  followed  in  the  data  presentation  reflects  the 
systematic  testing  employed.  This  format  of  presentation  is  shown  to  aid  the  reader  with 
the  large  volume  of  data  to  review.  Angle  of  attack  is  the  main  variable,  followed  by  yaw 
angles,  for  several  blowing  pressures  from  the  nose  (NBP),  gun  bump  (GBP),  and  wing 
leading  edge  (WBP),  and  for  two  values  of  dynamic  pressure,  Q,  of  30  and  56  psf. 

Trends  for  the  flexible  tail  for  oscillatory  root  bending  and  torsion  responses,  acceleration 
at  the  tail  tip,  bending  moment  from  pressure  integration,  and  pressures  on  the  tail  are 
included.  Trends  for  the  rigid  tail  are  from  pressure  data  only.  The  two  values  of 
dynamic  pressure,  30  and  56  psf,  were  selected  for  this  scaling  to  show  adequate  buffet 
response,  without  interference,  or  masking  effects,  caused  by  other  aeroelastic  responses, 
such  as  flutter. 

Test  Variable 


Dynamic  Pressure, 

Q 

30,  56  psf 

Angle  of  Attack  (AOA) 

Alpha 

0-32  deg 

Yaw  Angle 

Beta 

-4, 0, 4  deg 

Blowing  pressures 

No  Blowing  (base  cases) 

Wing  Blowing 

WBP 

45, 65  psi 

Gun  Blowing 

GBP 

65  psi 

Nose  Blowing 

NBP 

87  psi 

Measurands 

Flexible  Tail 


Oscillatory  Root  Bending  and  Torsion  Moments 
Tip  Acceleration 

Bending  Moment  from  Pressure  Integration 
Oscillatory  Pressures* 

Rigid  Tail 

Oscillatory  Pressures* 

*  Dimensional  and  nondimensional  data  forms 

Note  that  yaw  is  defined  as  positive  when  the  right  wing  moves  forward  when  viewing 
down  onto  the  aircraft.  Pitch,  or  angle  of  attack  (AOA),  is  defined  as  positive  when 
pitching  the  nose  upwards.  A  right  hand  vector  rule  at  the  c.g.  applies  to  yaw  and  pitch 
herein.  Only  positive  angles  of  attack  were  used  in  these  tests. 

3.1  FLEXIBLE  TAIL  RESPONSES:  BENDING  AND  TORSION  MOMENTS 
WITH  AND  WITHOUT  BLOWING  FOR  TWO  Q’S  -  These  figures  are  generally 


7 


grouped  first  by  Q=56  psf,  then  Q=30  psf,  again  grouped  vs  angle  of  attack,  AOA,  with 
yaw  angles  (P)  of -4, 0, 4  deg  noted.  Blowing  pressures  are  a  group  with  those  sets.  The 
PSD  plots  are  shown  first,  followed  by  the  rms  summary  plots.  The  PSD  plots  show  key 
response  information  for  the  root  bending  and  torsion  moments,  and  include  overall  rms 
values.  The  rms  values  from  the  PSD  plots  are  plotted  versus  the  major  test  variables  to 
give  a  synoptic  view  of  trends,  and  are  only  given  in  this  volume,  Volume  1 .  The  overall 
rms  values  from  broadband  analyses,  and  those  from  narrowband  analyses  are  given.  The 
rms  broadband  analyses  are  given  first  for  bending  and  torsion,  and  followed  by  graphs 
comparing  the  bending  and  torsion  broadband  rms  values  against  those  narrowband 
analyses  surrounding  the  first  bending,  second  bending,  and  torsion  modal  responses,  as 
applicable.  These  comparisons  help  track  modal  response  effects  with  the  various 
blowing  conditions  versus  yaw  and  dynamic  pressures. 

3.1.1  PSD  DATA-  Figures  3.1.1  to  3.3.7  show  typical  root  bending  and  root 
torsion  moment  PSD’s.  Figure  3.1.1,  Parts  1  and  2,  show  bending  data  for  AOA’s  0-8 
and  20-24  deg.  The  PSD’s  from  0-8  deg  are  about  the  same,  while  above  20  deg  there  is 
a  large  increase  in  the  response  level,  especially  prominent  is  the  bending  mode  range, 
near  50  Hz.  at  the  higher  angles.  Note  that  bending  response  continued  to  grow  with 
AOA  up  to  32  deg.  Figure  3.1.2,  Parts  1  and  2,  show  comparable  results  for  torsion,  with 
the  torsion  mode  of  around  200  Hz  being  prominent.  Torsion  at  the  lower  AOA’s,  below 
10  deg,  shows  about  the  same  low  levels  of  response,  while  it  is  highly  responsive  above 
16  deg,  and  peaking  about  24  deg.  Figure  3.1.3  and  Figure  3.1.4  show  bending  response 
at  AOA  of  32  deg  for  yaw’s  (Beta)  of  4  and  -4  deg,  respectively,  where  WBP=0  and  45 
psi  are  compared.  Blowing  effects  are  seen,  though  slight,  and  show  that  at  4  deg, 
response  increases  slightly,  while  for  -4  deg,  blowing  shows  a  slight  decrease.  Similarly 
Figures  3.1.5  and  3.1.6  show  torsion  moment  response  at  an  AOA  of  32  deg  for  Betas  of 
4  and  -4  deg  for  WBP=0  and  45  psi.  Figure  3.1.7  shows,  in  three  parts,  the  bending  and 
torsion  responses  in  side  by  side  comparison  for  AOA’s  of 22, 24, 28  and  32  deg  for 
WBP=0,  and  one  case  of  AOA=24  and  32  deg  for  WBP=45  psi.  Here,  some  of  the 
differences  in  responses  in  bending  vs  torsion  can  be  seen. 

3.1.2  RMS  TRENDS-  The  rms  trends  help  to  show  a  summary  pattern  of  effects 
of  angle  of  attack  and  yaw  on  bending  and  torsion  response.  Likewise,  the  effects  of 
blowing  from  the  various  positions  are  more  easily  tracked  from  this  data  as  well, 
compared  to  PSD’s.  (Further  interpretation  is  gained  from  the  nondimensional  data  form 
in  later  sections).  Figure  3.1.8  sets  the  pattern  of  the  data,  as  rms  bending  and  torsion  (5- 
500  Hz)  responses  are  shown  vs  angle  of  attack  (AOA)  from  0  to  32  deg  for  yaws  (p)  of 
-4,  0,  and  4  deg.  Note  that  the  bending  responses  for  all  three  yaw  angles  appear  to 
increase  with  increasing  AOA,  and  that  the  negative  yaws  tend  to  increase  response 
compared  to  the  other  cases,  except  where  the  negative  yaw  effect  has  begun  to  peak  and 
decrease  slightly  for  AOA  above  30  deg.  This  makes  sense  when  considering  that  the 
vortex  is  outboard  of  the  left  tail  (flex),  and  negative  yaw  moves  the  right  wing  back,  or 
left  wing  forward,  which  pushes  the  left  hand  vortex  into  the  left  tail.  Conversely, 
positive  yaw  pushes  the  left  tail  away  from  the  left  hand  vortex.  Torsional  responses 
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appear  to  peak  within  the  AOA  range,  with  yaw  effects  similar  to  those  in  bending,  while 
with  the  negative  yaw  effects  peaking  at  AOA  below  those  of  the  bending.  This  trend  is  a 
little  more  complex,  suggesting  that  the  negative  yaw  causes  the  vortex  to  move  into  the 
tail  and  probably  displaces  it  up  or  down  the  tail  compared  to  unyawed,  or  positive  yaws. 
Studies  were  made  to  show  that  the  data  here  are  nearly  identical  (out  to  the  third  place) 
to  the  data  analyzed  from  0-1000  Hz.  After  these  comparisons,  data  were  only  analyzed 
to  the  500  Hz  limit  to  conserve  efforts  and  resources.  Figures  3.1.9  and  3.1.10  compare 
narrowband  data,  surrounding  the  first  bending  (35-65  Hz)  and  second  bending  (210-240 
Hz)  modes,  against  the  broadband  bending  data.  These  figures  display  response  vs  AOA 
and  are  grouped  by  yaw  angle.  Here,  it  is  seen  that  the  composition  of  the  overall 
response  is  largely  first  bending,  but  second  bending  is  a  significant  contributor.  Figure 
3.1.11  shows  a  comparison  of  the  narrowband  region  of  the  torsion  mode  (180  -210  Hz) 
versus  the  broadband  torsion  response.  Obviously,  the  narrowband  chosen  entraps  the 
overall  response  nicely,  with  the  trend  of  AOA  and  yaw  closely  matching  the  broadband 
data. 

Figures  3.1.12  to  3.1.19  repeat  the  sequence  just  shown  for  the  base  case,  except  that  the 
influence  of  wing  blowing  pressures  of  45  and  65  psi  were  employed.  One  may  compare 
the  various  cases  to  see  the  effects  of  blowing  on  broad  and  narrowband  response. 

Figures  3.1.20  and  3.1.21  are  a  set  of  cross  plots  of  the  blowing  pressures  vs  AOA  for  the 
three  yaw  values.  It  is  difficult  to  explain  the  trends  in  one  general  statement,  rather 
several  comments  are  needed.  Blowing  tends  to  slightly  increase  the  bending  response  at 
lower  angles,  while  at  the  higher  angles  for  a  yaw  of  zero,  blowing  decreases  response. 
For  negative  yaw  where  buffet  is  stronger,  the  effect  of  blowing  tends  to  increase 
response  up  through  larger  AOAs,  probably  due  to  increased  flow  activity  in  general.  For 
positive  yaw  where  the  vorticity  on  the  tail  is  less,  the  blowing  pressure  of  45  tends  to 
decrease  response  at  the  lower  angles,  but  increases  response  at  the  higher  angles.  The 
blowing  pressure  of  65  shows  a  reduction  in  response  at  higher  angles.  Torsional 
responses  are  different,  peaking  around  AOA’s  of 24-28  deg,  with  blowing  showing 
buffet  reduction  below  the  peak  and  slightly  increasing  above  the  peak.  Both  bending 
and  torsion  suggest  that  the  flow  injection  can  move  the  vortex  activity  into  or  away  from 
the  tail  as  well  as  moving  the  vortex  spanwise  along  the  tail. 

The  data  for  Q=30  psf  shows  more  of  this  effectivity  of  the  effect  of  blowing.  Though 
the  volume  of  data  is  more  limited,  this  information  is  important,  since  responses  at 
different  Q’s  are  scalable.  Figures  3.1.22  through  3.1.31  essentially  repeat  the  data 
sequence  shown  above,  but  for  WBP  of  only  0  and  45  psi.  Though  the  responses  here  are 
reduced  compared  to  those  for  the  higher  Q,  they  are  not  quite  reduced  by  the  Q  ratios, 
i.e.  30/56  values,  as  would  be  expected,  and  as  addressed  later.  Again,  the  data  sequence 
shows  that  the  modal  distribution  of  overall  response  is  similar,  and  trends  with  AOA  and 
yaw  are  similar.  However,  the  effect  of  WBP=45  is  seen  to  show  a  response  reduction  in 
all  cases.  This  might  suggest  that  higher  WBP  should  have  been  used  for  Q=56. 

In  Figures  3.1.32  -  3.1.37,  the  effects  of  gun  blowing,  GBP,  of  65  psi  are  indicated  for  a 
Q=56  psf.  An  AOA  sweep  of  16-26  deg  for  several  types  of  plots  similar  to  those  for 
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wing  blowing  are  given.  Here,  the  overall  responses  of  bending  and  torsion  (0-500  Hz) 
and  those  for  the  frequency  bands  around  the  bending,  torsion,  and  second  bending 
modes  are  shown.  The  gun  bump  blowing  shows  some  effects,  but  slighter  than  those  of 
wing  blowing.  Figures  3.1.38  to  3.1.43  show  results  for  blowing  from  both  the  wing  and 
gun  bump,  WBP=65  psi,  GBP=65  psi.  Generally,  the  combination  of  blowing  is  slightly 
more  effective  than  the  wing  blowing  only. 

Figures  3.1.44  to  3.1.49  display  the  effects  of  blowing  from  the  model  nose,  NBP,  of  87 
psi,  noting  that  it  required  more  blowing  pressure  to  show  a  slight  effect  compared  to  the 
wing  blowing,  WBP,  cases.  This  is  seen  in  the  data  when  comparing  with  the  first  block 
of  plots  in  the  Figures  3.1.8  -  3.1.14  series.  Figures  3.1.50  to  3.1.55  summarize  the  rms 
trends  for  NBP=87  psi,  and  GBP=65  psi.  Figures  3.1.56  to  3.1.61  summarize  the  rms 
bending  and  torsion  again  for  broadband  and  narrowbands  for  NBP=87  psi  and  WBP=65 
psi.  Again,  the  wing  blowing  effect  is  the  more  dominating  influence. 

3.1.3  BENDING  MOMENTS  FROM  PRESSURE  INTEGRATION-  Bending 
moments  on  both  tails  were  computed  from  the  rms  pressures.  This  was  done  as  follows: 
(a)  The  tails  were  divided  into  grids  surrounding  the  pressure  pick-ups,  as  shown  in 
Figure  3.1.62.  (b)  A  sketch  of  the  rms  pressures  at  each  pressure  pick-up  was  made  for 
each  tail  at  each  angle  of  attack  of  interest,  (c)  The  pressure  data  were  made  into  surface¬ 
like  distributions,  with  the  spanwise  distribution  being  defined  by  the  spanwise  pressure 
data,  while  the  chordwise  shape  of  the  three  chordwise  pickups  was  used  at  all  spanwise 
locations  to  complete  the  surface  shape.  The  pressure  distribution  chordwise  for  the 
estimated  cases  employed  the  percent  shift  of  the  true  chordwise  distribution  compared  to 
the  central  pressure  location  at  that  spanwise  case.  The  lower  pickups  on  the  rigid  tail 
were  not  available,  and  thus  the  pressures  along  the  inboard  span  were  estimated  from  the 
extrapolation  of  the  data  from  the  outer  area,  as  well  as  comparing  the  spanwise  pressure 
shapes  from  the  flexible  tail.  This  was  done  manually  and  quite  carefully  so  as  to 
maintain  good  control  and  accuracy.  As  shown  in  Figure  3.1.62,  the  tail  was  divided 
spanwise  by  lines  at  0, 25,  57  and  100%  chord,  and  chordwise  by  lines  at  0,  50, 69.5,  85.5 
and  100%  span.  This  provided  the  areas  and  grid  from  which  the  pressure  surface  points 
were  developed  at  the  centers  of  each  area.  The  pressure  value  from  the  pressure  surface 
at  the  center  of  each  area  was  used  with  the  area  and  location  from  the  root,  in  order  to 
generate  bending  moment,  BM;  i.e. 

BM  =  2>M  (1) 

j 

where  p  is  the  pressure,  A  is  the  area,  and  r  is  the  distance  from  the  area  center  to  the  root. 
This  method  of  pressure  surface  fitting  from  a  few  well  dispersed  pressure  pick-ups  was 
developed  and  used  in  References  2-6,  and  was  shown  to  provide  a  good  description  of 
pressure  data,  and  hence  excitation,  in  studies  for  predicting  oscillatory  response.  These 
studies  were  shown  to  predict  results  that  compared  well  with  wind  tunnel  and  flight  test 
data.  Thus,  this  approach  was  used  here  as  a  means  to  check  the  scaling  of  bending 
moment  with  Q  variation.  The  values  of  these  bending  moments  based  on  direct  pressure 
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integration  would  be  of  course  higher  than  those  measured  due  to  modal  effects  and  due 
to  the  random  combination  of  pressures,  especially  random  phasing.  The  more  accurate 
means  would  be  to  use  the  pressures  in  a  dynamic  response  prediction.  Though  this  was 
not  done,  these  computed  bending  moments  should  display  the  bending  moment  trends 
with  angle  of  attack,  and  should  show  the  effect  of  dynamic  pressure  scaling,  since 
pressures  displayed  this  property. 


BM  data  were  computed  for  Q=56  and  30  psf,  for  AOA’s  of  8-32  deg,  P=-4, 0, 4,  and  for 
WBP  of  0, 45, 65  psi  for  both  the  rigid  and  flexible  tails,  as  available.  Figures  3.1.63  to 
3.1.66  are  presented  from  this  effort,  and  show  the  proper  trends  with  angle  of  attack  as 
per  the  measured  data,  and  they  show  a  closer  scaling  with  dynamic  pressure,  Q,  than  do 
the  measured  moments;  namely,  the  calculated  bending  moments  at  the  lower  Q  are 
proportionally  smaller  than  those  for  the  higher  Q’s  by  the  Q  ratios. 


3.2  FLEXIBLE  TAIL  RESPONSE:  ACCELERATION  DATA  - 


3.2.1  EQUATIONS  FOR  BENDING  AND  TORSION  ACCELERATIONS  - 

The  general  arrangement  of  the  flexible  tail  and  the  positions  of  the  accelerometers  is 
shown  in  Figure  2.1.5  previously,  but  repeated  here  as  Figure  3.2.1  for  convenience,  and 
with  more  detail  as  used  in  the  analysis  to  define  the  bending  and  torsional  motions  of  the 
tail  during  buffet  excitation.  Two  accelerometers  were  placed  on  the  tail  in  the  tip  pod, 
one  at  the  forward  end,  and  one  at  the  aft  end,  and  oriented  so  as  to  measure  the  lateral 
motions,  Z’s,  normal  to  the  tail  surface.  These  motions  can  be  converted  to  bending 
measured  lateral  to  the  tail  surface  at  an  assumed  elastic  axis,  and  again  converted  to 
torsion  about  this  elastic  axis.  A  schematic  on  Figure  3.2.1  shows  the  Z  motions  and  the 
lever  arms  R’s  from  the  elastic  axis,  (E.A.).  Assuming  small  amplitudes,  then  the  lateral 
deflections  at  the  forward  and  aft  accelerometers  are  given  in  relation  to  bending,  H,  and 
torsion,  a,  as  the  following: 


ZF  =  H-RFa 
Za=H  +  Racc 

The  torsional  motion  along  the  E.A.  is  found  first  from  the  Z’s  by  the  expression: 


a  = 


Z,-Z, 


The  torsional  acceleration  a  is  found  from  the  second  derivative  of  this  expression, 
namely: 


(3) 


a 


_  Zp  _  A  A  Ap 


RF+RA 


RF+RA 


(4) 


where  the  A’s  represent  the  measured  accelerometer  reading  taken  during  the  test. 


The  bending  at  the  E.A  at  this  spanwise  point  is  given  by: 


(5) 
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The  acceleration  H  follows  from  derivatives  of  H,  and  following  the  a  equation  above, 
and  it  is  determined  from  the  measured  accelerations  as: 

*-l{(4,+4)+f^jK-4o}  (6) 

3.2.2  PSD  DATA  -  Several  PSD  plots  of  acceleration  are  shown  here  to  typify 
those  data,  while  the  bulk  is  again  in  Volume  2.  In  Figure  3.2.2  and  Figure  3.2.3  the 
forward  and  aft  accelerometers  are  shown  for  an  AOA  of  32  deg  with  no  blowing,  for 
Q=56  and  30  psf  respectively.  Both  figures  clearly  show  the  various  modes  of  the  tail 
correctly,  and  their  overall  rms  values  are  in  proper  ratio  to  the  Q’s.  Figure  3.2.4  and 
Figure  3.2.5  show  the  bending  response  for  these  same  cases,  again  displaying  the  proper 
ratio  as  with  Q  ratio.  Note  that  bending  values  are  not  the  averages  of  the  two  linear 
acceleration  readings,  forward  and  aft,  in  these  curves.  Rather,  the  bending  values  are 
lower  than  the  lowest  of  the  linear  groups,  suggesting  torsion  is  highly  active  at  the 
higher  AOA’s,  as  is  already  known,  but  at  least  this  is  reconfirming. 

3.2.3  RMS  TRENDS  -  A  number  of  plots  of  rms  values  of  the  acceleration  PSD’s 
are  shown  to  display  effects  of  AOA,  yaw,  and  wing  blowing.  In  these  figures,  rms 
acceleration  trends  with  AOA  are  the  main  variables,  with  Beta’s  as  a  grouping.  The 
forward,  aft,  and  bending  accelerations  are  grouped  to  show  those  trends  in  Figure  3.2.6 
to  3.2.8  for  WBP=0, 45, 65  psi,  respectively.  All  of  the  accelerometer  data  tends  to  show 
a  peaking  at  about  24  to  26  deg,  rather  than  a  continual  growth  with  AOA  as  do  the 
measured  bending  strains. 

These  show  a  slight  increase  in  response  of  the  forward  and  aft  accelerometers  due  to 
blowing,  more  notable  at  the  higher  angles,  but  bending  decreases  slightly,  indicating  the 
torsion  is  more  active.  Similar  plots  are  shown  for  a  Q=30  PSF  in  the  next  two  figures, 
Figures  3.2.9  and  3.2.10  for  WBP=0,  and  45  psi  (no  data  for  WBP=65  psi).  The  next 
three  plots,  Figures  3.2.1 1  to  3.2.13  show  the  forward,  the  aft,  and  the  bending 
acceleration  rms  data,  respectively,  for  AOA  variation  for  Q=56  psf.  In  these  graphs,  the 
WBP  cases  are  grouped  at  the  top,  center  and  bottom,  while  Beta  cuts  are  called  out  in 
each  group.  These  graphs  show  AOA  peaking  at  24-26  deg  for  the  forward  and  aft 
accelerometers,  while  bending  shows  only  a  mild  peaking.  The  negative  yaw  shows  a 
stronger  buffeting  effect  except  at  the  highest  AOA  which  is  similar  to  what  was  found 
with  the  strain  gauges.  The  last  two  figures  in  this  group,  Figure  3.2.14  and  3.2.15, 
summarize  the  effect  of  Q  on  bending,  namely  showing  the  bending  acceleration  data  vs 
AOA  with  Beta  cuts  in  top  to  bottom  subfigures,  where  the  Q=56  vs  Q=30  psf  curves  are 
noted.  The  case  for  no  blowing  is  in  Figure  3.2.14  while  the  45  psi  case  is  in  Figure 
3.2.15.  The  two  curves  for  the  different  Q’s  are  proportioned  reasonably  well,  with  the 
blowing  seemingly  increasing  response  at  the  higher  Q  for  yaws  of  0  and  4  deg. 

3.3  OSCILLATORY  PRESSURES:  FLEXIBLE  AND  RIGID  TAILS  -  Oscillatory 
pressures  were  measured  at  a  number  of  places  along  the  tails,  and  across  one  span 
location  on  the  tails.  Figure  3.3.1  is  a  repeat  of  an  earlier  figure,  but  detailed  as  to  the 
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pressure  pick-up  call-outs  used  on  the  tails.  For  the  flexible  tail,  pick-ups  were  noted  as 
locations  A,  B,  C,  and  E  in  an  outboard  fashion  (upward)  along  the  37  %  chordline, 
respectively  at  37,  61,  78,  and  93  %  span  locations.  There  were  two  chordwise  pick-ups, 
denoted  as  F  and  D  along  the  78  %  span  point,  and  placed  at  13  and  77  %  chord  lines, 
respectively.  For  the  rigid  tail,  pick-ups  noted  as  G,  H,  and  J,  were  used  along  the  span, 
while  K  and  I  were  placed  chordwise  at  the  78  %  span  point.  These  pick-ups  on  the  rigid 
tail  were  located  identically  to  those  on  the  flexible  tail.  Note  that  the  lower  pick-ups  on 
the  rigid  tail  were  not  used  during  the  tests,  and  thus  no  letter  location  designations  were 
given  to  them.  Recall  that  there  were  pressure  pick-ups  on  both  the  inner  and  outer 
surfaces  of  the  tails,  and  thus  reference  to  pressures  measured  at  these  locations  means  the 
pressure  difference  measured  across  each  tail  at  each  location.  This  method  has  been 
used  successfully  in  several  buffet  pressure  tests,  see  References  2  -  7  for  example. 

3.3.1  PSD  DATA  -  The  majority  of  the  pressure  PSD’s  are  in  Volume  3,  while  a 
few  are  shown  here  to  give  typical  result.  Since  there  are  a  large  number  of  pressure  data 
locations  and  test  conditions,  as  well  as  two  tails  to  review,  the  rms  data  of  the  PSD’s  are 
used  to  more  readily  explain  trends.  Figures  3.3.2  and  3.3.3  show  pick-ups  E,  F  on  the 
flexible  tail  and  close  locations  G,  H  on  the  rigid  tail  for  a  Q=56  psf  for  an  AO  A  of  24 
deg,  Beta=0,  where  the  first  figure  shows  WBP=0,  while  the  second  shows  WBP=65  psi. 
Note  that  while  the  general  shapes  of  the  PSD’s  are  similar,  there  is  some  slight  influence 
of  the  flexibility  shown  for  pick-ups  E  and  F  on  the  flexible  tail  as  opposed  to  G  and  H  on 
the  rigid  tail,  but  the  levels  are  comparable.  If  the  exact  locations  were  compared,  i.e., 
say  locations  E,  F  were  compared  to  J,  K  of  the  rigid  tail,  these  same  curve  shape 
differences  are  there,  but  levels  are  slightly  closer.  Thus,  while  there  are  some 
differences,  they  are  slight  overall,  with  pressures  in  some  bands  being  slightly  more 
affected  by  flexibility.  There  have  been  pros  and  cons  as  to  which  pressures  should  be 
used  in  predicted  response  studies,  with  the  Author  leaning  to  use  of  the  pressures  from 
the  rigid  surface  being  more  the  reliable,  since  one  should  be  able  to  use  those  with 
flexibility  studies  to  show  the  pressures  measured  on  the  flexible  tail. 

3.3.2  RMS  TRENDS  -  Graphs  have  been  prepared  to  summarize  the  rms  values 
of  the  pressure  PSD’s,  and  to  display  these  in  a  manner  similar  to  the  bending  and  torsion 
moment  data,  and  the  acceleration  data.  In  these  figures,  both  the  flexible  tail  and  the 
rigid  tail  are  shown,  with  all  pick-ups  on  each  displayed.  The  main  trend  is  AOA  effect, 
the  next  is  the  Beta  value,  and  then  the  blowing  location  and  pressure  is  traced.  Figures 
3.3.4  to  3.3.8  cover  the  Q=56  PSF  with  WBP=0, 45,  and  65,  and  the  case  of  WBP=65  psi 
with  GBP=65  psi.  The  PSD’s  of  the  flexible  and  rigid  tails  show  comparable  levels 
generally.  While  the  distributions  are  different,  the  flexible  tail  case  shows  a  tendency  to 
peak  near  the  torsion  mode  at  the  higher  AOA’s.  There  is  a  complex  pattern  of  influences 
seen,  and  it  is  difficult  to  precisely  summarize,  but  there  are  definite  influences  of  AOA, 
Beta,  and  blowing.  Negative  yaw,  once  again,  seems  to  raise  pressures  as  in  the  increased 
bending  response  noted  earlier  for  negative  Beta’s.  AOA  peaking  is  consistent  with  die 
measured  moments,  and  blowing  tends  to  decrease  some  of  the  pressure  overall,  but  it 
also  seems  to  redistribute  AOA  and  Beta  influences.  The  next  group  of  Figures  3.3.9  and 
3.3.10  show  comparable  data  for  Q=30  psf,  but  lesser  data  exists  to  compare  with  the  first 
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three  figures.  Some  of  the  same  trends  are  in  this  set  as  in  the  Q=56  data,  and  the  overall 
levels  are  comparable  to  Q  differences,  as  they  should  be.  Some  pressure  and  AOA 
effects  are  slightly  different,  but  reasonably  consistent.  These  pressures  suggest  that  the 
bending  moments  should  scale  with  Q,  but  the  measured  bending  moments  do  not.  The 
remaining  figures.  Figures  3.3.1 1  -  3.3.13  show  the  effects  of  (a)  NBP=87  psi,  (b) 
NBP=87  psi  with  GBP=65  psi,  (c)  NBP=87  psi  with  WBP=65  psi.  These  data  are  self- 
explanatory. 


3.3.3  CSD,  COHERENCE,  AND  CORRELATION  COEFFICIENT  DATA  - 
To  add  some  additional  information  for  those  interested,  CSD’s,  Coherence  Functions 
and  Correlation  Coefficients  were  computed  for  the  pressure  data.  Some  investigators 
include  die  CSD’s  in  the  response  calculations,  thus  it  is  believed  necessary  to  include 
some  here  for  that  purpose.  Again,  the  bulky  data  for  this  information  is  in  Volume  3, 
while  a  limited  amount  is  in  this  volume  for  summary  purposes.  Figures  3.3. 14  and 
3.3.15  show  CSD  modulus  and  phase  plots  for  pick-up  locations  K,I  on  the  rigid  tail. 
These  were  selected  to  show  because  they  are  in  the  fore-aft,  or  flow,  direction  and  thus 
should  show  as  strong  a  coupling  as  one  would  expect  here.  Here  the  data  is  for  a  Q=56 
psf  case  where  Beta=0,  with  no  blowing.  AOA’s  of  8, 20, 24,  32  deg  are  included  in  the 
sweep  shown.  The  rms  values  of  the  CSD’s  moduli  are  in  the  range  of  the  PSD’s, 
indicating  a  strong  convection  across  the  tail.  Not  much  can  be  said  of  phase,  it  is  as 
shown.  Table  3.3.1  shows  a  listing  of  the  CSD  modulus  values  for  the  rigid  tail  vs  AOA 
for  a  Q=56  psf,  for  the  three  Betas,  for  WBP=0, 45,  and  65  psi.  Note,  the  reader  can  trace 
the  behavior  pattern  of  CSD’s  vs  the  main  test  conditions.  The  pattern  seems  to  follow 
the  trends  of  the  pressures,  and  in  some  cases  at  the  higher  AOA’s,  the  CSD’s  fall  in 
level,  suggesting  their  influence  on  calculations  may  be  less  there. 


Also,  there  were  Coherence  Functions  (CH)  computed.  These  functions  were  computed 
in  the  frequency  domain  by  the  formula: 

f  CSD,,)2 

CH,  2=7— L  w  t  (7) 

'  (psd,)(psd2)  K) 

where  the  subscripts  show  either  the  two  parameters  used  in  the  cross  terms,  or  the  single 
parameter  in  the  PSD’s.  A  typical  case  is  shown  in  Figure  3.3.16  for  pick-ups  K,  I.  The 
coherence  levels  seem  to  peak  around  an  AOA  of  20  deg,  with  a  large  hump  at  the  torsion 
frequency  band.  At  the  higher  angles  where  buffet  is  more  significant,  the  coherence 
level  is  seemly  less  again,  suggesting  that  the  CSD’s  may  not  influence  calculations  with 
these  pick-ups. 


Correlation  Coefficients  were  calculated  for  a  few  cases  to  show  the  influence  of  the 
interaction  between  the  pressure  at  different  points.  This  function  is  based  on  the  CSD 
modulus  behavior  and  the  rms  of  the  two  signals  involved.  The  Correlation  Coefficient, 
CC,  is  computed  by  the  formula: 


(8) 
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where  r12  is  the  rms  values  of  the  CSD12,  and  r,  and  r2  are  the  rms  values  of  the  PSD’S. 

Table  3.3.2  lists  a  few  of  these  typical  values  showing  strong  correlation  in  pressures 
between  several  locations. 

3.4  NONDIMENSIONAL  DATA:  BENDING  AND  TORSION  MOMENTS 


3.4.1  PSD  DATA  -  These  curves  were  developed  from  the  dimensional  data 
addressed  in  the  earlier  sections.  The  same  grouping  of  data,  test  parameter,  and  test 
condition  are  shown  here  again,  the  difference  is  the  scaling.  Here  the  PSD  of  the 
bending  and  torsion  moment  coefficients  were  found  by  the  following  equations.  The 
bending  moment  coefficient,  C^,  is  found  by: 


<v= 


BM 

QSc 


(9) 


where  BM  is  the  bending  moment,  Q  is  dynamic  pressure,  S  =  19.9  in2  is  the  area,  and 


c  =3.77  in  is  the  mean  aerodynamic  chord.  The  torsion  moment  coefficient,  CT,  is 
found  from  the  same  equation,  by  substituting  the  torsion  moment  TM  for  the  BM.  Two 
figures  are  shown  here,  while  the  reader  is  referred  to  Volume  2  for  the  remainder. 
Figures  3.4.1  and  3.4.2  show  the  bending  and  torsion  moment  coefficients  for  Q=56  psf, 
Beta=0,  no  blowing,  for  several  Alphas. 


3.4.2  RMS  TRENDS  -  While  this  data  is  probably  even  more  interesting  than  the 
earlier  set  because  it  is  more  readily  compared  to  other  data,  the  trends  are  the  same, 
merely  scaled  differently.  Thus,  these  figures,  noted  as  Figures  3.4.3  to  3.4.56  present  the 
nondimensional  bending  and  torsion  data  as  measured  and  scaled.  These  curves  help  to 
show  blowing  effects  more  obviously  because  every  plotted  value  is  bounded  in  a  more 
controlled  fashion.  The  reader  is  encouraged  to  scorn  this  data  for  more  information. 
Some  of  the  earlier  comments  on  blowing  effectivity  is  further  ramified  here.  Note  that 
the  nondimensional  bending,  CM,  for  Q=56  psf  and  for  Q=30  psf,  as  shown  respectively 
in  Figures  3.4.3  and  3.4.17  do  not  scale  as  closely  for  AOA’s  above  20  deg  as  they 
should.  Note  that  the  torsion  moment  coefficient,  Q,  does  however  appear  to  scale 
properly  in  those  figures.  Likewise,  with  WBP=45  psi,  a  similar  disparity  is  seen  in 
comparing  Figure  3.4.17  vs  Figure  3.4.20,  and  it  appears  throughout  the  whole  grouping. 
If  there  were  one  case  where  the  disparity  was  not  present,  some  hope  would  have  existed 
to  resolve  this  oddity.  A  thorough  post-test  review  of  all  calibrations,  recordings,  and 
data  reduction  did  not  resolve  this  difference.  No  such  difference  appeared  in  the 
acceleration  data,  pressure  data,  nor  BM  from  pressure  integration. 

3.5  NONDIMENSIONAL  PRESSURE  DATA:  BOTH  TAILS  - 


3.5.1  PSD  DATA  -  Though  it  was  intended  to  develop  nondimensional  pressure 
PSD’s,  i.e.,  PSD(p/Q),  this  was  somehow  omitted  from  the  data  reduction.  However,  the 
nondimensional  rms  values  of  the  pressures  were  obtained  and  are  included. 
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3.5.2  RMS  TRENDS  -  Values  of  the  rms  pressure  data  from  the  pressure  PSD’s 
were  scaled  with  Q,  i.e.,  the  rms  pressures  were  divided  by  Q  to  provide  something  akin 
to  a  random  pressure  coefficient.  These  data  are  shown  here  as  Figures  3.5.1  to  3.5.10, 
and  display  ranges  the  Author  is  used  to  seeing  from  many  other  buffet  tests  of  fighter 
empennage.  These  pressures  scale  nicely  with  Q,  see  Figure  3.5.1  vs  3.5.9,  where  the 
Pressure  Coefficient  for  Q=56  and  Q=30  psf  are  quite  close  for  both  tails. 

3.6  CORRELATION  WITH  OTHER  TEST  DATA  -  Figures  3.6.1  to  3.6.10  were 
prepared  to  show  how  this  test  data  compare  with  other  test  data.  Also,  a  recap  of  some 
of  the  test  trends  of  bending  and  torsion  moment  coefficients  are  shown  here  in  new 
format  to  indicate  added  behavior  patterns.  Figures  3.6.1  and  3.6.2  show  the  bending  and 
torsion  coefficients  for  Q=30, 56  psf  vs  AOA  of  range  0  to  32  deg,  for  the  three  yaws, 
while  the  next  two  figures,  Figures  3.6.3  and  3.6.4  show  the  same  data  forWBP=45  psi. 
The  Q=30  data  show  larger  values  than  do  the  Q=56  data,  and  note  the  Q=30  data  show  a 
bending  response  reduction  with  blowing,  while  Q=56  data  show  a  slight  increase  with 
blowing.  The  torsion  data  correlates  with  Q  and  shows  a  little  reduction  with  blowing  for 
both  Q’s.  Figures  3.6.5  to  3.6.8  repeat  these  same  figures  in  dimensional  data  for  the 
reader.  This  group  of  data  suggest  lesser  response  for  the  lower  Q,  but  not  in  the  correct 
proportion.  Thus,  originally  the  Q  differences  from  dimensional  results  appeared  to  be 
consistent,  that  is  until  the  bending  and  torsion  coefficients  were  evaluated,  and  then  for 
some  explanation  of  the  bending  scaling  oddity  was  sought. 

Correlation  of  the  buffet  response  of  the  4.7%  F-15  model  empennage  with  that  of  the 
F/A-18  empennage  from  Reference  4  is  presented  in  Figures  3.6.9  and  3.6.10.  The  F/A- 
18  data  includes  model  test  and  flight  test  data.  Figure  3.6.9,  Parts  1  and  2,  shows  the  F- 
15  4.7%  model  data  versus  fee  F/A-18  vertical  tail  data.  Part  I  shows  correlation  between 
fee  F-15  inboard  bending  and  torsion  moments  versus  fee  F/A-18  outboard  bending  and 
torsion  moments,  while  Part  2  compares  inboard  bending  and  torsion  moments  for  both 
tails.  The  outboard  bending  and  torsion  data  for  fee  F/A-18  is  from  Figure  20  in 
Reference  4.  In  Part  1,  it  is  seen  feat  fee  F-15  inboard  bending  data  is  larger  than  fee 
F/A-18  outboard  bending  data,  as  is  expected  from  much  experience  wife  these  types  of 
tests.  Similarly,  fee  torsions  are  fairly  comparable,  again  as  expected.  Note  feat  fee  F/A- 
18  data  for  both  bending  and  torsion  seem  to  peak  in  this  AOA  range,  while  fee  F-15 
bending  does  not,  though  fee  F-15  torsion  does.  In  Figure  3.6.9,  Part  2,  data  for  fee  F/A  - 
18  inboard  bending  and  torsion  were  developed  by  ratioing  fee  outboard  moment  data 
wife  limited  data  from  Figure  19  in  Reference  4,  showing  fee  calculated  and  measured 
data  for  a  typical  case  comparing  inboard  to  outboard  moments.  Note  feat  fee  F-15 
inboard  bending  moments  correlate  fairly  well  wife  fee  F/A-18  inboard  moments,  and 
feat  at  fee  higher  AOA’s,  fee  F-15  data  for  Q=56  are  somewhat  lower,  while  fee  F-15 
data  for  Q=30  are  somewhat  higher.  Again,  fee  F/A-18  bending  data  seems  to  peak  out  in 
this  AOA  range,  while  fee  F-15  does  not.  The  torsions  are  fairly  comparable,  wife  fee 
ratioed  F/A  data  being  slightly  larger,  both  sets  seem  to  peak  in  this  AOA  range.  Note 
also,  feat  fee  F/A-18  data  seem  to  be  consistent  between  sets  of  fee  model  and  full  scale, 
though  fee  flight  data  have  more  scatter  as  would  be  expected. 
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Figure  3.6.10,  Parts  1  and  2,  shows  correlation  between  the  4.7%  F-15  model  buffet 
response  and  that  of  the  F/A-18  stabilator  from  Figure  18  of  Reference  4.  Part  1  of  this 
figure  shows  the  F-15  model  inboard  bending  and  torsion  versus  that  for  the  F/A-18 
outboard  bending  and  torsion.  Note  that  the  F-15  data  is  considerably  larger  than  the  that 
for  the  stabilator,  as  is  expected  since  not  only  are  the  two  data  groups  at  different 
locations,  but  the  stabilator  is  much  stiffer  due  to  aeroelastic  requirements  (flutter).  Part  2 
compares  the  inboard  bending  and  torsion  for  the  F-15  tail  and  F/A-18  stabilator.  Note 
that  despite  the  larger  stabilator  stiffness,  these  two  data  sets  are  comparable  in  the  ranges 
where  both  exist,  with  the  F/A-18  tending  to  be  somewhat  lower  as  expected  due  to  it 
greater  stiffness.  It  should  be  noted  that  the  nondimensional  methods  used  in  the  two 
data  sets  are  somewhat  different  in  terms  of  the  coefficient  forms.  However,  before 
absolute  application  of  these  coefficients  can  be  made  exactly,  the  data  from  both  aircraft 
must  be  put  into  more  completely  scaled  equivalents  where  all  dynamic,  elastic,  and 
geometric  properties  are  completely  included,  See  Reference  2.  Such  data  were  not 
available  for  this  effort,  thus  the  comparison  made  was  as  good  as  could  be  at  this  time. 
More  could  be  done  if  the  total  data  for  both  were  available  to  the  Author. 
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4.  CONCLUSIONS 


This  test  demonstrated  that  tangential  blowing  from  the  front  portion  of  the  model 
altered  buffet  response  of  the  flexible  tail.  Tangential  blowing  was  introduced  at  three 
places,  symmetrically  and  simultaneously,  on  both  sides  of  the  model.  Likewise, 
oscillatory  pressures  measured  on  the  flexible  tail  and  a  relatively  rigid  tail  showed 
pressures  differences  due  to  blowing.  Brief  conclusions  are  here,  however,  the  reader  is 
referred  to  the  main  body  to  draw  his  own  added  conclusions,  due  to  the  complex  nature 
of  the  data  from  many  parameters. 

4.1  BENDING  AND  TORSION  RESPONSES  AS  AFFECTED  BY  BLOWING  - 

Bending  and  torsion  responses  reflect  some  effects  of  blowing,  especially  by  modes 
within  the  overall  response  of  bending  and  torsion  themselves,  because  there  are  both 
relatively  independent  modes  and  rather  highly  coupled  modes  within  the  principal 
frequency  ranges  of  maximum  oscillatory  pressure  excitation  from  buffet.  There  are 
influences  with  AOA,  yaw,  and  the  blowing  pressures  from  the  three  locations.  A 
complicating  factor  was  the  seemingly  disproportionate  effect  on  bending  at  the  two  Q’s. 
That  is,  the  bending  response  coefficients  for  the  two  Q’s  did  not  match  as  well  as  from 
many  other  tests.  Torsion  did  however.  Basically,  all  responses  increased  with  initial 
AOA  above  the  vortex  burst  angle,  where  after  torsion  seemed  to  peak  and  fall  off,  after 
an  AOA  of 24  -  26  deg  at  all  yaws  and  with  all  blowing.  Bending  seemed  to  show  no 
peaking,  and  displayed  larger  response  at  negative  yaws.  Also,  bending  displayed  slight 
increases  in  response  from  blowing  at  the  negative  yaws,  much  more  at  Q=56  than  Q=30 
where  there  was  a  small  reduction.  At  positive  yaws,  the  bending  was  less,  and  blowing 
tended  to  reduce  response,  especially  for  Q=56.  When  unyawed,  the  bending  at  Q=56 
showed  a  slight  increase,  while  that  at  a  Q=30  showed  a  slight  decrease,  again  one  must 
track  the  individual  modes  to  satisfy  a  trend.  Blowing  from  the  wing,  45  and  65  psi,  was 
the  most  effective,  that  from  the  gun  bump,  65  psi,  was  the  next  most  effective,  while 
blowing  from  the  nose,  87  psi,  was  the  least  effective.  The  nose  blowing  pressure  was 
raised  to  87  psi  to  help,  but  did  not  make  much  effect.  Acceleration  data  were  also 
developed  as  another  check  on  trends  of  bending  and  torsion.  This  data  showed  proper 
scaling  with  Q,  and  indicated  similar  effects  and  trends  with  blowing  as  the  strain  gauge 
data.  AOA  effects  were  more  like  those  from  torsion,  indicating  a  peaking  of  response  in 
the  AOA  range  investigated,  the  more  common  shape  the  Author  has  seen  in  the  past. 
Similarly,  bending  moments  were  computed  from  the  rms  pressure  data  to  see  what  Q 
scaling  would  show,  despite  the  fact  that  these  moments  would  be  much  larger  than  the 
modalized  and  random  versions  measured.  These  data  did  show  the  Q  scaling  and  a  more 
anticipated  shape  with  AOA  than  did  the  bending  measurements. 

4.2  PRESSURES  AS  AFFECTED  BY  BLOWING  -  The  oscillatory  pressures  showed 
proper  rms  level  shifts  with  Q,  AOA,  and  yaw  as  they  should,  while  retaining  PSD 
shapes.  Blowing  pressures  made  some  alterations  to  PSD  shapes  and  levels.  Again,  this 
is  too  complex  to  summarize,  and  the  reader  is  referred  to  the  data  in  this  report,  in  both 
Volumes  1  and  3,  to  reach  his  own  conclusion. 


18 


4.3  TREND  PATTERNS  AS  COMPARED  TO  OTHER  DATA  -  This  has  been 
covered  thoroughly  already,  but  some  comments  are  due  here.  Generally,  the  AOA  effect 
in  the  range  explored  was  to  show  a  peak  response  below  32  deg  for  Vertical  Tails,  while 
some  stabilators  show  a  higher  AOA  peaking  due  to  more  forward  locations  on  the 
fuselage.  For  the  F-15,  the  Vertical  tail  response  was  generally  expected  to  peak  around 
22-28  deg,  again  depending  on  whether  one  is  considering  bending  or  torsion,  and  again 
depending  if  modal  vs  broadband  response  is  considered.  These  all  tend  to  show  slight 
differences.  The  data  here  generally  followed  that  pattern,  especially  torsion,  but 
bending,  especially  at  Q=56  psf,  at  the  higher  angles  did  not  fall  of  as  much  as  expected. 
These  levels  were  some  what  lower  than  those  for  Q=30  PSF,  based  on  Q  scaling. 

4.4  EFFECTIVITY  OF  BLOWING  -  This  is  really  covered  throughout  the  report,  but 
in  essence,  there  was  more  of  an  effect  than  might  be  imagined  when  considering  the 
relative  distance  from  the  injection  points  to  the  tails.  However,  the  pressures  did  reach 
the  tails  because  of  flow  convection  in  something  akin  to  a  Coanda  effect.  There  were 
effects,  some  positive  and  some  negative,  from  the  blowing,  but  a  much  more  in-depth 
application  of  the  response  data  to  structural  fatigue  of  the  tails  needs  to  be  examined 
before  drawing  further  conclusions.  Any  response  reduction  is  certainly  helpful,  and 
some  were  shown.  Also,  the  AOA  sequence,  and  duration  at  these  AOA’s  in  a  true 
statistical  definition  of  actual  life  cycles  in  projected  life  time  of  usage  is  required  before 
making  further  judgments. 
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5.  RECOMMENDATIONS 


5.1  MODEL  -  Future  tests  could  be  run  where  the  tangential  blowing  might  be  injected 
at  different  points  along  the  body,  aiming  to  deflect,  but  not  to  alter  the  effect  of  the 
vortical  flow  providing  the  desirable  lift  at  high  AOA’s.  Likewise,  with  the  current  setup, 
or  with  blowing  from  other  places  along  the  body,  an  investigation  of  blowing  effectivity 
should  be  run  where  the  blowing  airflow  is  pulsed  at  a  range  of  frequencies  that  might 
have  some  influence  on  the  buffeting  pressures  at  the  tail.  Again,  these  must  not  alter  the 
lift  at  high  AOA’s.  It  is  believed  effective  to  inject  airflow  at  close  proximity  of  the  tail, 
i.e.,  at  the  tail  base,  especially  at  the  front  of  the  tail  so  as  to  deflect,  but  not  to 
significantly  alter  the  lift  at  high  AOA’s.  Similarly,  there  is  a  potential  gain  from  pulsing 
these  airflows  at  close  proximity  of  the  tails. 

Another  significant  model  improvement  would  be  to  develop  the  capability  to  pitch  the 
model  more  rapidly,  to  simulate  the  transient  maneuvering  effect  that  exists  from  actual 
aircraft  flight  data.  Past  work  has  shown  that  response  predictions  based  on  wind  tunnel 
model  pressures  scaled  to  full  size,  are  a  bit  conservative  (high)  as  compared  to  flight 
tests.  A  thesis  by  C.  Dima,  St.  Louis  University,  Reference  8  was  done  to  investigate 
some  areas  of  this  idea,  using  a  generic  wind  tunnel  model.  Dima  compared  the  response 
at  slowly  varying  alphas  (static)  to  response  measured  when  pitching  the  model  more 
rapidly.  He  showed  some  influences  of  various  pitch  rates  in  his  results.  This  needs  to  be 
followed  up,  especially  regarding  the  pressures,  as  Dima  did  not  measure  pressures. 
Similarly,  the  blowing  method  studied  here  should  be  reassessed  when  the  model  is 
pitched  at  various  rates,  since  this  is  a  better  simulation  of  flight  conditions  than  only 
considering  static  AOA’s  as  done  here. 

5.2  INSTRUMENTATION  -  It  is  recommended  that  instrumentation  be  included  to 
permit  the  continual,  or  at  least  intermittent,  spot-checking  of  test  parameters.  Meters 
exist  to  measure  and  display  data  relatively  quickly,  for  example,  rms  data,  spectral 
properties,  and  statistical  data.  These  devices  can  handle  samples  ranging  from  short  data 
bursts  to  longer  data  bursts  approaching  steady  state  times.  This  type  of  checking  should 
always  be  done  to  insure  data  quality,  trends,  and  levels  during  testing. 

5.3  DATA  ACQUISITION/REDUCTION  -  This  was  done  rather  well,  and  little  or  no 
suggestions  are  needed,  except  that  the  on-line  data  could  be  saved  to  be  compared  with 
post-  test  analyses,  to  further  ensure  data  accuracy. 

5.4  TEST  SETUP  AND  CONDUCT  IN  GENERAL  -  It  is  recommended  that  during 
the  testing  all  major  parameters  and  measurands  be  sampled  in  a  pre-test,  or  trial  run 
series,  and  all  this  data  be  compared  with  anticipated  values  to  verify  calibration, 
instrumentation,  data  recording  and  data  reduction,  before  proceeding.  Likewise,  during 
the  testing,  some  key  variables  should  be  monitored  on-line  at  all  times  to  witness 
accurate  data  collection  and  to  insure  that  trends  and  levels  are  making  sense  compared  to 
anticipated  data.  A  fault  of  these  tests  was  that  only  pressures  were  readily  measured  on¬ 
line,  all  of  the  other  parameters  relied  heavily  on  pre  test  setup  to  provide  only  post  test 
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results.  Perhaps  the  bending  moment  scaling  oddity  would  have  been  more  readily 
found,  and  perhaps  eliminated,  if  bending  had  been  checked  during  the  tests.  Post-test  re¬ 
checking  of  calibrations  did  not  find  any  obvious  errors  anywhere  in  the  entire  setup,  data 
system,  or  data  reduction. 

It  may  be  possible  that  some  vortex,  eddy,  turbulence  or  other  tunnel  flow  oddity  had  an 
effect  on  the  bending  response  of  the  model  that  resulted  in  the  scaling  oddity.  This 
might  be  investigated  to  determine  if  there  is  something  to  be  noted,  or  fixed  in  tunnel 
tests,  so  as  to  ensure  that  it  does  not  occur  again  in  these  types  of  experiments. 

Flow  visualization  tests  were  run  after  the  response  tests,  due  to  scheduling  conflicts, 
rather  than  beforehand.  This  is  somewhat  contrary  to  the  Author’s  prior  experience, 
where  flow  visualization  was  sometimes  used  to  help  select  critical  response  testing 
conditions,  and  to  fill-in  points  from  pretest  selected  conditions.  It  is  recommended  that 
these  be  run  beforehand  in  the  future,  even  if  nothing  significant  is  altered,  it  simply  adds 
confidence  to  pretest  think  and  planning. 

5.5  MISCELLANEOUS  -  There  are  several  miscellaneous  suggestions  to  perhaps  aid  in 
future  work  with  this  data.  A  NASTRAN  model  of  the  4.7%  Vertical  tail  was  made 
under  an  earlier  contract,  and  perhaps  this  could  be  used  in  a  study  to  predict  the  behavior 
of  the  tail  employing  the  methods  of  References  2  to  6.  Also,  other  methods  in  those  four 
References  can  be  used,  for  example,  the  Rayleigh  techniques  based  on  the  measured 
pressures,  vibration  data,  and  mass  data  from  these  model  tests.  It  is  possible  that  at  the 
higher  Q’s,  some  damping  value,  say  aerodynamic  damping  was  disproportionately  larger 
(or  smaller,  depending  on  the  mode)  than  envisioned,  due  to  flutter  related  damping 
changes.  This  needs  to  be  studied  closely  to  see  if  it  were  overlooked.  Likewise,  there  is 
always  the  possibility,  of  an  interaction  between  the  vortical  flows  and  the  oscillatory 
pressures  from  nominal  vibratory  motions,  especially  as  flutter  is  approached,  i.e.,  some 
type  of  force  coupling  (or  tuning).  Similarly,  there  is  always  the  subject  blamed  for 
anything  not  explainable  otherwise. . .  .nonlinearity. . ,  .this  could  be  the  oddity  at  the  higher 
angles  for  bending  at  Q=56  seemingly  being  too  small,  (conversely  the  bending 
response  at  Q=30  seemingly  being  too  large).  If  nothing  else,  the  large  amplitudes  of 
vibration  in  these  intense  regions  of  excitation  might  require  some  nonlinear 
approximation  to  be  made  to  adjust  the  linear  case  without  doing  a  fully  nonlinear 
analysis.  The  research  could  be  directed  to  determine  if  the  nonlinearity  is  structural,  or 
aerodynamic,  or  both  structural  and  aerodynamic.  Another  suggestion  is  to  acquire  as 
much  buffet  response  data  from  the  empennage  of  all  fighters  world  wide,  along  with  the 
basic  vibration,  generalized  mass,  test  conditions  (Mach  Number,  velocities,  densities, 
altitude,  etc.),  geometry  for  these  cases.  Then  the  data  should  be  completely 
nondimensionalized  as  per  Reference  2  so  that  some  type  of  generalized  design  chart 
could  be  constructed  to  aid  future  designers.  This  requires  that  the  dimensional  data  first 
be  scaled  to  the  same  equivalents  before  the  same  nondimensional  parameters,  such  as  a 
bending  moment  coefficient,  can  have  full  significance. 
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Figure  2.1.1  Planview  of  4.7  %  Wind  Tunnel  Model 
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Figure  2.1.2  4.7  %  Buffet  Model  in  Wind  Tunnel 
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Figure  2.1.3  4.7  %  Model  -  View  From  Flex.  Tail  Side 
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Figure  2.1.6  Pressure  Transducer  Layout  -  Both  Tails 


F-15  TWIN  FIN  BUFFET  STUDY 

FORCE  &  MOMENT  BASELINE  WITH  AIR  LINES 

DYNAMIC  PRESSURE  DATA  ON  TAILS 

( AND  INSTRUMENTED  RIGHT  STEEL  TAIL ) 
(  AND  INSTRUMENTED  LEFT  FLEX  TAIL  ) 
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Table  2.5.1  (Cont.) 

Part  II 
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-  Only  used  if  nothing  else  proves  effective  (requires  two  air  lines) 


F-15  TWIN  FIN  BUFFET  STUDY 
TAIL  BUFFET  MEASUREMENTS 
DYNAMIC  PRESSURE  DATA  ON  TAILS 
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F-15  TWIN  FIN  BUFFET  STUDY 
TAIL  BUFFET  MEASUREMENTS 
DYNAMIC  PRESSURE  DATA  ON  TAILS 
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Table  2.5.1  (Cont.) 
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Figure  3.1.1  Flexible  Tail,  Bending  PSD,  Q=56  PSF,  No  Blowing,  Beta=  0,  Alpha  Sweep 
Part  10-8  Deg. 


-15  Verticdl  Tail  Buffel  Test:  Q=56,  Flexible  No  Blowing 
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FREQUENCY  -  llz  delta  f  =  0.610352 

Figure  3.1.1  Flexible  Tail,  Bending  PSD,  Q=56  PSF,  No  Blowing,  Beta=  0,  Alpha  Sweep 
Part  2  20-  32  Deg. 
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200  400  600  800  1000 

FRFQIJFNCY  -  Hz  delta  I  =  0.610352 

Figure  3.1.2  Flexible  Tail,  Torsion  PSD,  Q=56  PSF,  No  Blowing,  Beta=  0,  Alpha  Sweep 
Part  2  20-  32  Deg 


15  Vertical  Tail  Buffet  Test: 


15  Vertical  Tail  Buffet  Test:  Q=56,  Flexible  1  ail 

-  SI -BENDING  RMS  =  1.70235  SARL_TPN_2874: 

„ .  SI -BENDING  RMS  =  1.67796  SARL_TPN_3379: 
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100  200  3 
FREQUENCY  -  Hz  delta  f 

Figure  3.1.4  Flexible  Tail,  Bending  PSD,  Q- 56  PSF, 

WBP  =  0, 45  Psi 


—  15  Vertical  Tail  Buffet  Test:  Q  =  56,  Flexible  ioil 

-  S2-T0RSI0N  RMS  =  0.559505  SARL_TPN_2928:  alpha=32  beta=4  bp=0 

.  S2-T0RSI0N  RMS  =  0.586426  SARL_TPN_3361 :  alpha  =  32  beta  =  4  wbp  =  45 


100  200  300  400  500 

FREQUENCY.  -  Hz  delta  f  -  0.610352 

Figure  3.1.5  Flexible  Tail,  Torsion  PSD,  Q=  56  PSF,  Alpha=  32  Deg.,  Beta  =  4  Deg., 

WBP  =  0, 45  Psi 


—  15  Vertical  Tail  Buffet  Test:  Q=56,  Flexible  Tail 

-  S2— TORSION  RMS  =  0.311466  SARL_TPN_2874: 

.  S2— TORSION  RMS  .=  0.329882  SARL_TPN_3379: 
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Figure  3.1.7  Flexible  Tail  PSD’s  -  Bending  and  Torsion  Comparisons,  Q  =  56  PSF,  Beta 
Part  1  No  Blowing,  Alpha  =  22  &  24  Deg 


Figure  3.1.7  Flexible  Tail  PSD’s  -  Bending  and  Torsion  Comparisons,  Q  =  56  PSF,  Beta 
Part  2  No  Blowing,  Alpha  =  28  &  32  Deg. 


TORSION  .  SARL_TPN_J343 


Figure  3.1.7  Flexible  Tail  PSD’s  -  Bending  and  Torsion  Comparisons,  Q  =  56  PSF,  Beta  = 
Part  3  WBP  =  45  Psi,  Alpha  =  24  &  32  Deg. 
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Figure  3.1 .8  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending  and  Torsion,  Q  =  56  psf,  No  Blowing 
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Bendlng-ln-lb-rms 


Beta  =  0 


Figure  3.1.9  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  No  Blowing 
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Figure  3.1 .10  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  No  Blowing 
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Torsion-in-Jb-rms 


Beta  =  +4 


Figure  3.1.11  *  Flex  Tall  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  No  Blowing 
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Figure  3.1.13  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Wing  Blowing  p  =  45  psi 
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Figure  3.1 .1 4  -  Flex  Tall  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Wing  Blowing  p  =  45  psl 
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Figure  3.1.17  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Wing  Blowing  p  ®  65  psi 
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Figure  3.1.18  -  Flex  Tall  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Wing  Blowing  p  =  65  psi 
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Figure  3.1.19  -  Flex  Tall  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56psf,  Wing  Blowing  p  =  65  psi 
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Figure  3.1.20  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Wing  Blowing  Summary 
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Figure  3.1.21  -  Rex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD's  5-500  Hz,  Wing  Blowing  Sumary 
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Bending-In  Ib-rms  Bendlng-ln-lb-rms  Bendlng-ln-lb-rms 


AOA  -  degrees 


Figure  3.1.23-  Flex  Tall  Response  vs  Angle  of  Attack 
Bending,  Q  =  30  psf,  No  Blowing 
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Figure  3.1.24  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  30  psf,  No  Blowing 
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Figure  3.1 .25  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  30  psf,  No  Blowing 
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AOA  -  degrees 

Figure  3.1.27  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  30  psf,  Wing  Blowing  p  =  45  psi 


AOA  -  degrees 

Figure  3.1.28  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  30  psf,  Wing  Blowing  p  =  45  psl 
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Figure  3.1.29  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  30  psf,  Wing  Blowing  p  =  45  psi 
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Torslon-tn-lb-rms 


Figure  3.1.31  •  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  30  psf,  PSD’s  (5-500)  Hz,  Wing  Blowing  Summary 
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Figure  3.1.32  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending  and  Torsion,  Q  =  56  psf,  Gun  Blowing  p  =  65  psi 
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Figure  3.1.35  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  Gun  Blowing  p  ■  65  psi 
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Figure  3.1.36  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  PSD's  (5*500)  Hz,  Gun  Blowing  Summary 
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Figure  3.1.37  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Gun  Blowing  Summary 
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Figure  3.1.38  •  Flex  Tail  Response  vs  Angie  of  Attack 
Bending  and  Torsion,  Q  =  56  psf,  Gun  and  Wing  L.E.  Blowing  p  =  65  psi 
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Figure  3.1.40  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Gun  and  Wing  LE.  Blowing  p  =  65  psl 
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Figure  3.1.41  •  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  Gun  and  Wing  L.E.  Blowing  p  =  65  psi 
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Figure  3.1.43  •  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Gun  and  Wing  LE  Blowing  Summary 
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Figure  3.1.45  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi 
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Figure  3.1.47  •  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi 
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Figure  3.1.48  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Nose  Blowing  Summary 
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Figure  3.1.49  -  Flex  Tail  Response  v$  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Nose  Blowing  Summary 
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Figure  3.1.50  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending  and  Torsion,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psi 


90 


Bendlng-!n*lb*rms  Bending-ln-lb-rms  Bend!ng-in-lb-rms 


Beta  =  0 


1.8 

1.6 

1.4 

1.2 

1 

0.8 

0.6 

0.4 

0.2 

0 


05-500  Hz 
□36-65HZ 

□ 

0 

H - i - ! - ! - t - 1 - 1 

8  12  16  20  24  28  32 

AOA  -  degrees 

Beta  =  -4 


Beta  =  +4 


Figure  3.1.51  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psi 
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Figure  3.1.52  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psl 
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Figure  3.1.53  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  ■  56  psf,  Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psi 
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Figure  3.1.54  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  PSD’s  (5-500)  Hz,  Nose  and  Gun  Blowing  Summary 
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Figure  3.1.55  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Nose  and  Gun  Blowing  Summary 
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Figure  3.1.56  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending  and  Torsion,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  =  65  psi 
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Figure  3.1.57  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  =  65  psi 
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Figure  3.1.58  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  a  65  psi 
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Figure  3.1.59  •  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  =  65  psi 
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Figure  3.1.60  -  Flex  Tail  Response  vs  Angle  of  Attack 
Bending,  Q  =  56  psf,  PSD's  (5-500)  Hz,  Nose  and  Wing  L.E.  Blowing  Summary 
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Figure  3.1.61  -  Flex  Tail  Response  vs  Angle  of  Attack 
Torsion,  Q  =  56  psf,  PSD’s  (5-500)  Hz,  Nose  and  Wing  L.E.  Blowing  Summary 
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Figure  3.1.63  Flex  Tail  Bending  Moment  From  Pressure  Integration  Vs  Angle  of  Attack, 
Q  =  56  PSF,  Wing  Blowing 
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Figure  3.1.64  Rigid  Tail  Bending  Moment  From  Pressure  Integration  Vs  Angle  of  Attack, 
Q  =  56  PSF,  Wing  Blowing 
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Figure  3.1.65  Flex  Tail  Bending  Moment  From  Pressure  Integration  Vs  Angle  of  Attack, 
Q  s  30  PSF,  Wing  Blowing 
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Figure  3.1.66  Rigid  Tail  Bending  Moment  From  Pressure  Integration  Vs  Angle  of  Attack, 
Q  =  30  PSF,  Wing  Blowing 
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Figure  3.2.6  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q  =  56  PSF,  Beta  =  0,  -4,  4  ,  No  Blowing 
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Figure  3.2.7  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q=  56  PSF,  Beta  =0,  -4,  4  ,  WBP  =  45  psi 
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Figure  3.2.8  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q=  56  PSF,  Beta  =0,  -4, 4  ,  VVBP  =  65  Psi 
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Figure  3.2.9  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q==  30  PSF,  Beta  =0,  -4,  4  ,  No  Blowing 
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Figure  3.2.10  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q  =  30  PSF,  Beta  =0,  -4,  4,  WBP  =  45  psi 
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Figure  3.2.1 1  Flex.  Tail  Acceleration  vs  Angle  of  Attack,  Q  =  30  PSF,  Beta  =0,  -4,  4,  WBP  =  65  psi 
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Figure  3.2.12  Flex  Tail  Acceleration  Vs  Angle  of  Attack,  Fwd  Accel.,  Q=  56  PSF, 
Beta  =  0,  -4,  4,  WBP  =  0,  45,  65  psi 
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Figure  3.2.13  Flex  Tail  Acceleration  Vs  Angle  of  Attack,  Aft  Accel.,  Q=  56  PSF, 
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Figure  3.2.14  Flex  Tail  Acceleration  vs  Angle  of  Attack,  Bending,  Q=  30,  56  PSF, 
Beta  =  0,  -4,  4,  VVBP  =  0 


120 


Acceleration,  gs.  RMS  Acceleration.  g‘$.  RMS 


0  4  8  1  2  16  20  24  28  32 

AOA  -  degrees 

j  Beta  =  -4 

1  No  Q=30  Data 


0  4  8  12  16  20  24  28  32 


AOA  -  degrees 
Beta  =  +4 

100  T 

90  - 

1 

80} 

I 

70  l 


AOA  -  degrees 
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Figure  3.3.2  Pressure  PSD’s  -  Flex,  and  Rigid  Tails,  Q=56  PSF,  Bela  =  0,  Alpha-  24  deg, 
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Figure  3.3.6  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4, 4 
WBP  =65  psi 


12? 


m  i. 


A  Pressure  (psl  rms)  A  Pressure  (psl  rms)  A  pre8sure  (psl  rms) 


FI 5  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=56  psf,  Beta=0  Rigid  Tail:  Q=56  psf,  Beta=0 

65  psi  blowing  @  gun  only  65  psi  blowing  @  gun  only 


Angle  of  Attack  Angle  of  Attack 

Figure  3.3.7  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4, 4 
GBP  =  65  psi 
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A  Pressure  (psi  rms)  A  Pressure  (psi  rms)  A  Pressure  (psi  rms) 


F-15  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=56  psf,  Beta=0 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=0 
65  psi  blowing  @  gun  &  wing  L.E. 


Angle  of  Attack 


Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=-4 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=-4 
65  psi  blowing  @  gun  &  wing  L.E. 


Angle  of  Attack 


Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=4 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=4 
65  psi  blowing  @  gun  &  wing  L.E. 


Angle  of  Attack 


Angle  of  Attack 


Figure  3.3.8  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4,  4 
WBP-65  psi,  GBP  *  65  psi 
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A  Pressure  (psirms)  A  Pressure  (psl  rms)  A  Pressure  (psl  rms) 


F-15  Vertical  Tail  Buffet  Test 


[I 


A  Pressure  (psi  rms)  A  Pressure  (psl  rms)  A  Pressure  (psi  rms) 


F-15  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=56  psf,  Beta=0  Rigid  Tail:  Q=56  psf,  Beta=0 

87  psi  blowing  at  nose  &  65  psi  at  gun  87  psi  blowing  at  nose  &  65  psi  at  gun 


Angle  of  Attack  Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=-4  Rigid  Tail:  Q=56  psf,  Beta=-4 

87  psi  blowing  at  nose  &  65  psi  at  gun  87  psi  blowing  at  nose  &  65  psi  at  gun 


16  20  24  26  16  20  24  26 

Angle  of  Attack  Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=4  Rigid  Tail:  Q=56  psf,  Beta=4 

87  psi  blowing  at  nose  &  65  psi  at  gun  87  psi  blowing  at  nose  &  65  psi  at  gun 


Figure  3.3.10  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4,  4 


NBP  =  87  psi,  GBP  =  65  psi 
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A  Pressure  (psi  rms)  A  Pressure  (psl  rms,  a  Pressure  (psl  rms) 


F-15  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=56  psf,  Beta=0  Rigid  Tail:  Q=56  psf,  Beta=0 

87  psi  blowing  at  nose  &  87  psi  blowing  at  nose  & 

65  psi  at  wing  L.E.  65  psi  at  wing  LE. 


Angle  of  Attack  Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=-4  Rigid  Tail:  Q=56  psf,  Beta=-4 

87  psi  blowing  at  nose  &  87  psi  blowing  at  nose  & 

65  psi  at  wing  L.E.  65  psi  at  wing  L.E. 


16  20  24  26  16  20  24  26 


Angle  of  Attack  Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=4  Rigid  Tail:  Q=56  psf,  Beta=4 

87  psi  blowing  at  nose  &  87  psi  blowing  at  nose  & 

65  psi  at  wing  L.E.  65  psi  at  wing  L.E. 


16  20  24  26  16  20  24  26 

Angle  of  Attack  Angle  of  Attack 

Figure  3.3.11  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4, 4 


NBP  =  87  psi,  WBP  =  65  psi 
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x  e> 


A  Pressure  (psi  rms)  a  Pressure  (ps!  rms) 


F-15  Vertical  Tail  Buffet  Test 

Flex  Tail:  Q=30  psf,  Beta=0 

0  psi  blowing  @  wing  L.E. 

Rigid  Tail:  Qs30  psf,  BetasO 
0  psi  blowing  @  wing  L.E. 

-H-C 
— B 


24 

Angle  of  Attack 


Angle  of  Attack 


Flex  Tail:  Q=30  psf,  Beta=4 
0  psi  blowing  @  wing  L.E. 


Rigid  Tail:  Q=30  psf,  Beta=4 
0  psi  blowing  @  wing  LE. 


Angle  of  Attack 


Angle  of  Attack 


Figure  3.3.12  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  30  PSF,  Beta=0,  -4, 4 
WBP  =0 


A  Pressure  (psi  rms)  a  Pressure  (psi  rms) 


F-15  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=30  psf,  Beta=0  Rigid  Tail:  Q=30  psf,  Beta=0 

45  psi  blowing  @  wing  L.E.  45  psi  blowing  @  wing  LE. 


Angle  ot  Attack  Angle  of  Attack 


Flex  Tail:  Q=30  psf,  Beta=4  Rigid  Tail:  Q=30  psf,  Beta=4 

45  psi  blowing  <§>  wing  L.E.  45  psi  blowing  @  wing  LE. 


Angle  of  Attack  Angle  of  Attack 

Figure  3.3.13  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  30  PSF,  Beta=0,  -4, 4 
WBP  =45  psi 
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F-15  TPM2850:  alpha=20  beta=0  bp=0  F-15  TPNJ854:  alpha*32  beta=0  bp=0 


Figure  3.3.1S  CSD  (Phase)  of  Pressure-  Rigid  Tail,  Q  =  56  PSF,  Beta  =  0,  WBP 
Alpha  Sweep 


Table  3.3.1  RMS  Values  of  CSD  Modulus  Vs  Alpha 
Q=  56  psf,  Beta  =  -4, 0,  4  deg,  WBP  +  0,  45,  65  psi 


0  psi  blowing  pressure: 


Beta  =  4: 

K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.004 

.004 

.004 

.003 

.003 

.003 

20 

.108 

.090 

.067 

.078 

.061 

.051 

24 

.127 

.074 

.103 

.107 

.074 

.047 

32 

.071 

.050 

.054 

.065 

.056 

.040 

Beta  =  0: 

K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.013 

.009 

.005 

.004 

.004 

20 

.068 

.062 

.050 

.059 

.035 

.034 

24 

.118 

.074 

.070 

.103 

.061 

.044 

32 

.096 

.063 

.080 

.089 

.071 

.045 

Beta  =  -4: 

K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.006 

.008 

.004 

.003 

.004 

20 

.012 

.020 

.013 

.014 

.011 

24 

.066 

.050 

.041 

.064 

.044 

.032 

32 

.118 

.071 

.116 

.080 

.047 

45  psi  blowing  pressure: 


Beta  =  4: 


Beta  =  0: 


Beta  =  >4: 


K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.004 

.004 

.003 

.003 

.003 

.003 

20 

.102 

.088 

.065 

.074 

.059 

.050 

24 

.130 

.078 

.100 

.108 

.074 

.048 

32 

.073 

.050 

.055 

.064 

.058 

.040 

K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.010 

.007 

.004 

.004 

.004 

.003 

20 

.063 

.060 

.052 

.060 

.035 

.035 

24 

.113 

.072 

.067 

.101 

.059 

.044 

32 

.080 

.055 

.069 

.072 

.062 

.041 

K-H 

K-l 

K-J 

K-G 

G-H 

G-l 

Alpha:  8 

.004 

.007 

.006 

.004 

.003 

.004 

20 

.015 

.021 

.018 

.017 

.015 

.012 

24 

.070 

.052 

.044 

.067 

.047 

.034 

32 

.104 

.067 

.088 

.098 

.072 

.047 
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Table  3.3.2  Sample  Correlation  Coefficients 


Q=  56  psf,  (5-500  Hz) 


0  psi  blowing  pressure: 
Beta  =  4: 


Beta  =  0: 


Beta  =  >4: 


K-H 

G-H 

F-C 

Alpha:  8 

.248 

.630 

20 

.862 

.764 

.964 

24 

.805 

.974 

32 

.701 

.531 

.877 

K-H 

G-H 

F-C 

Alpha:  8 

.705 

.529 

20 

.951 

.974 

24 

.900 

.964 

32 

.718 

.824 

K-H 

G-H 

F-C 

Alpha:  8 

.387 

.554 

20 

.313 

.665 

.955 

24 

.865 

.926 

32 

.727 

.787 

45  psi  blowing  pressure: 
Beta  =  4: 


65  psi  blowing  pressure: 
Beta  =  4: 


K-H 

G-H 

8 

20 

.839 

.733 

24 

32 

K-H' 

G-H 

8 

20 

.854 

.738 

24 

32 
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Bending  CoefF.  vs  Alpha,  Q=56  PSF,  Beta  =  0,  No  Blowing 
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Figure  3.4.2  Flex,  tail  PSD  -  Torsion  CoelT.  vs  Alpha,  Q=56  PSF,  Beta  =  0,  No  Blowing 


Figure  3.4.5  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending,  Q  =  56  psf,  No  Blowing 
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AOA  -  degrees 

Figure  3.4.7  -  Rex  Tail  Response  vs  Angie  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  56  psf,  Wing  Blowing,  p  =  45  psi 
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Figure  3.4.11  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  56  psf,  Wing  Blowing,  p  =  65  psi 


Figure  3.4.14  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimenslonal  Torsion,  Q  =  56  psf,  Wing  Blowing  p  =  65  psl 


AOA  -  degrees 

Figure  3.4.17  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  30  psf,  No  Blowing 
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Nondlm.  Bend.  Coeff.  Nondlm.  Bend.  Coett.  Nondlm.  Bend.  Coett. 

Cm  =  Bm  /  QSc  Cm  =  Bra  /  QSc  C„  =  Bm  /  QSc 


Figure  3.4.20  •  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensfonal  Torsion,  Q  =  30  psf,  No  Blowing 


Figure  3.4.21  •  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  30  psf,  Wing  Blowing  p  =  45  psi 
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Figure  3.4.26  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Torsion,  Q  =  30  psf,  PSD's  (5-500)  Hz,  Wing  Blowing  Summary 
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Figure  3.4.27  -  Rex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  56  psf,  Gun  Blowing  p  =  65  psi 
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Figure  3.4.28  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimenslonal  Bending,  Q  =  56  psf,  Gun  Blowing  Pressure  =  65  psi 
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Figure  3.4.29  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending,  Q  =  56  psf,  Gun  Blowing  Pressure  =  65  psi 
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Nondim.  Tors.  Coeff.  Nondim.  Tors.  Coeff.  Nondim.  Tors.  Coeff. 

C»sTm/QSc  C,  =  Tm  /  QSc  C,  =  Tm/QSc 
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Figure  3.4.30  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Torsion,  Q  ■  56  psf,  Gun  Blowing  p  =  65  psi 
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Figure  3.4.33  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending  and  Torsion,  Q  =  56  psf,  Gun  and  Wing  L.E.  Blowing  p  -  65  psi 
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Figure  3.4.36  -  Flex  Tall  Response  vs  Angle  of  Attack 
Nondimensional  Torsion,  Q  =  56  psf,  Gun  and  Wing  LE.  Blowing  p  *  65  psi 
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Figure  3.4.40  -  Flex  Tall  Response  vs  Angle  of  Attack 
Nondimensional  Bending,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi 


Figure  3.4.42  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensfonal  Torsion,  Q  =  56  psf,  Nose  Blowing  p  =  87  psi 


Figure  3.4.46  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending,  Q  =  56  psf 
Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psl 
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Figure  3.4.48  -  Flex  Tall  Response  vs  Angle  of  Attack 
Nondimenslonal  Torsion,  Q  =  56  psf 
Nose  Blowing  p  =  87  psi,  Gun  p  =  65  psi 
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Figure  3.4.52  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimenslonal  Bending,  Q  =  56  psf 
Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  =  65  psi 
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Figure  3.4.53  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Bending,  Q  =  56  psf 
Nose  Blowing  p  =  87  psi,  Wing  L.E.  p  =  65  psi 
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Figure  3.4.54  -  Flex  Tail  Response  vs  Angle  of  Attack 
Nondlmensional  Torsion,  Q  =  56psf 
Nose  Blowing  p  =  87  psf,  Wing  L.E.  p  =  65  psl 
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Figure  3.4.55  -  Rex  Tail  Response  vs  Angie  of  Attack 
Nondimensional  Bending,  Q  =  56  psf,  PSD's  (5-500)  Hz 
Nose  and  Wing  L.E.  Blowing  Summary 
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Figure  3.4.56  -  Rex  Tail  Response  vs  Angle  of  Attack 
Nondimensional  Torsion,  Q  =  56  psf,  PSD’s  (5-500)  Hz 
Nose  and  Wing  LE.  Blowing  Summary 
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Figure  3.5.1  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4,  4 


WBP  =0 


197 


Q  X  lO  X  “  c_  ^ 


(SUIJ)  O/dV  (SUM)  D/dV  (8UI4)0/dV 


F-15  Vertical  Tail  Buffet  Test 


198 


-15  Vertical  Tail  Buffet  Test 


m  ^ 


F-15  Vertical  Tail  Buffet  Test 


AP/Q  (rms)  aP/Q  (rms)  AP/Q(rms) 


F-15  Vertical  Tail  Buffet  Test 


Flex  Tail:  Q=56  psf,  Beta=0 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=0 
65  psi  blowing  <§>  gun  &  wing  L.E. 


-x—  c 


Angle  of  Attack 


Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=-4 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=-4 
65  psi  blowing  @  gun  &  wing  L.E 


. X  1,1  c 


Angle  of  Attack 


Angle  of  Attack 


Flex  Tail:  Q=56  psf,  Beta=4 
65  psi  blowing  @  gun  &  wing  L.E. 


Rigid  Tail:  Q=56  psf,  Beta=4 
65  psi  blowing  @  gun  &  wing  L.E 


Angle  of  Attack 


20  24 

Angle  of  Attack 


Figure  3.5.5  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4, 
WBP  =  65  psi,  GBP  =  65  psi 
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Figure  3.5.8  Hex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  56  PSF,  Beta=0,  -4, 4, 
NBP  =  87  psi,  WBP  =  65  psi 
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Figure  3.5.9  Flex.  And  Rigid  Tails  -  RMS  Pressures  Vs  Alpha,  Q=  30  PSF,  Beta=0,  -4, 4, 
WBP  =0 
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3.6.1  Flex  Tail  Response  vs  Angle  of  Attack,  Q=  30, 56  PSF,  No  Blowing,  PSD’s 
(5-  500HZ),  Nondimensional  Bending 
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3.6.2  Flex  Tall  Response  vs  Angle  of  Attack.  Q=  30, 56  PSF,  No  Blowing,  PSD’s 
(5-  500HZ),  Nondimensional  Torsion 
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3.6.3  Flex  Tail  Response  vs  Angle  of  Attack,  Q=  30, 56  PSF.Wing  Blowing*  45  psi, 
PSD’s(5-  500HZ),  Nondimensionai  Bending 
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Figure  3.6.5  Flex  Tail  Response  vs  Angle  of  Attack,  Q=  30,  56  PSF.No  Blowing, 
PSD’s(5-500HZ),  Bending 
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Figure  3.6.6  Flex  Tail  Response  vs  Angle  of  Attack,  Q=  30, 56  PSF,  No  Blowing, 
PSD*s(5-500HZ),  Torsion 
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Figure  3.6.9  Correlation  Between  4.7%  Scale  F-15  Vertical  Tail  and  and  F-18  Vert  Tail 
Part  1-  F-18  Vertical  Tail  Outboard  Bending  and  Torsion 


Nondlm.  Tow.  Coeff.  Nondlm.  Bend.  Coeff. 

Cm»Tm/QSc  Cm»Bm/QSc 


Nondimensional  Bending  Moments 


0.09 


0.08 


0.07 


0.06 


0.05 


0.04 


0.03 


0.02  4- 


0.01 


0.00  H - h 

0  4 


J3 

8 


■ 


O 


o 

■  □ 


+ 


12 


- 1 - h- 

16  20 

AOA  -  degrees 


□ 

OF-15. 4.7%  Scale,  Q*30  psf 
□F-15, 4.7%  Scale,  056  psf 
#F-18  Model  Scaled 
■F-18  Right  Test 


24  28 


Nondimensiona!  Torsion  Moments 


Figure  3.6.9  Correlation  Between  4.7%  Scale  F-15  Vertical  Tail  and  and  F-18  Vert  Tail 
Part  2  -  F-18  Vertical  Tail  Inboard  Bending  and  Torsion  -(Ratioed) 
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Figure  3.6.10  Correlation  Between  4.7%  Scale  F-15  Vertical  Tail  and  and  F-18  Stabiiator 
Part  1  -  F-18  Stabiiator  Outboard  Bending  and  Torsion 
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Figure  3.6.10  Correlation  Between  4.7%  Scale  F-15  Vertical  Tail  and  and  F-18  Stabilator 
Part  2  -  F-18  Stabilator  Inboard  Bending  and  Torsion 
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